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Abstract 
 
Metal-free (1) and zinc (2) 5,10,15,20-tetra(1′-hexanoylferrocenyl)porphyrins have 
been prepared using an acid-catalyzed tetramerization reaction between pyrrole and 1’-(1-
hexanoyl)ferrocencarboxaldehyde. New orgnometallic compounds were characterized by 
a combination of 1H, 13C, and variable-temperature NMR, UV-vis, MCD, and high-
resolution ESI MS methods. The redox properties of 1 and 2 were probed by 
electrochemical (cyclic voltammetry and differential pulse voltammetry), 
spectroelectrochemical, and chemical oxidation approaches. Electrochemical data 
recorded in the DCM/TBAB(C6F5)4 system (TBAB(C6F5)4 is a weakly coordinating 
tetrabutylammonium tetrakis(pentafluorophenyl)borate electrolyte) is suggestive of a "1e- 
+ 1e- + 2e-" oxidation sequence for four ferrocene groups in 1 and 2, which is then followed 
by an oxidation process centered at the porphyrin core. The separation between all 
oxidation electrochemical waves is very large (150 - 350 mV). The nature of mixed-
valence [1]n+ and [2]n+ complexes (n = 1 or 2) was probed by  spectroelectrochemical and 
chemical oxidation methods. Analysis of the inter-valence charge-transfer (IVCT) band in 
[1]n+ and [2]n+ (n = 1 or 2) is suggestive of the Class II (in Robin-Day classification) 
behavior of all mixed-valence species. Density Functional Theory – Polarized Continuum 
Model (DFT-PCM) and Time-Dependent (TD) DFT-PCM methods were applied to 
correlate redox and optical properties of organometallic complexes 1 and 2 with their 
electronic structure.  
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1,1',3,3'-tetraferrocenylazadipyrromethene (3) and corresponding difluoroboryl 
azaBODIPY (4) were prepared in three and four synthetic steps, respectively, starting from 
ferrocenecarbaldehyde using chalcone-type synthetic methodology. The novel tetra-iron 
compounds have ferrocene groups directly attached to both α- and β-pyrrolic positions and 
shortest Fe-Fe distance determined by the X-ray crystallography was found to be 6.976 Å. 
New compounds were characterized by the UV-vis, NMR, and HR-ESI MS methods, while 
metal-metal coupling in these systems was probed by electrochemical, 
spectroelectrochemical, and chemical oxidation approaches. Electrochemical data 
suggestive of the well-separated stepwise oxidation of four-ferrocene groups in 3 and 4, 
while spectroelectrochemical and chemical oxidation results allowed characterization of 
the mixed-valence forms in the target compounds. IVCT band analysis is indicate that the 
mixed-valence [3]+ and [4]+ complexes belong to the weakly coupled class II compounds 
in Robin-Day classification. The electronic structure, redox properties, and UV-vis spectra 
of new systems were correlated with the Density Functional Theory (DFT) and time-
dependent DFT calculations. 
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Chapter 1: Tuning electron transfer properties in 5,10,15,20-tetra(1′-
hexanoylferrocenyl)porphyrins as prospective systems for quantum 
cellular automata and platforms for four-bit information storage 
 
 
INTRODUCTION 
  
Molecular platforms with identical, electronically coupled, redox-active 
substituents connected via a symmetrical conducting core and capable of charge 
localization upon oxidation or reduction of the redox sites are of great interest as logic 
elements for Quantum-dot Cellular Automata (QCA) systems.1-4 QCA operation 
requires the formation of a specifically configured multiple-charged "cell". Such a 
"cell" usually consists of a symmetric conductive platform with four redox-active 
sites, which can be transformed into a two electrons / holes configuration capable of 
exchange around the "cell" by 180o rotation (Figure 1a). The Coulombic repulsion in 
these mixed-valence configurations would result in "opposite" arrangement of the 
electrons / holes and two different charge states would represent a classic "0" and "1" 
in a binary system (Figure 1a).5 In addition, intercellular Coulombic repulsions 
between localized charges in doubly-charged cells can be further used to construct 
molecular wired and logic gates (Figure 1b and 1c).6-7 
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Figure 1. a.) Binary logic cell b.) QCA based molecular wire c.) QCA logic gate 
 
Ferrocene and its derivatives are well known as extremely robust redox-active 
mediators, which can be used in variety of applications that require reliable electron-
transfer processes. Not surprisingly, a variety of di- and tetra(ferrocenyl)-containing 
compounds were investigated as perspective materials for QCA applications.8-10 
During the last several decades, it was realized that changing the ion-pairing ability of 
the electrolyte and the polarity of the solvent could easily affect the separation 
between ferrocene-centered oxidation waves observed in electrochemical 
experiments.11-13 Such electrochemical behavior suggests the strong influence of 
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Coulombic effects on the degree of interaction between ferrocene-centered sites, 
which is important for QCA application of these platforms as they can utilize charge-
storage and geometrical switching functions. 
 In addition to QCA devices, in which data is stored by the charge-specific 
configuration of a multiple-charged "cell", tetra(ferrocenyl)-containing systems were 
considered as perspective platforms capable of four-bit binary code storage, which 
encodes information using four well-resolved different single charge states.14-25 In this 
case, each ferrocene-centered oxidation state would encode a single bit of information 
(Figure 2). At least 150 mV separation between these oxidation processes was 
suggested as a minimum requirement for accurate write/read cycles23-24. 
 
Figure 2. Example of a four-bit code storage through stepwise ferrocene oxidations. 
 
 During the last decade, we and other research groups have studied a large 
number of tetra(ferrocenyl)-containing porphyrins and their analogues as perspective 
platforms for both QCA and four-bit information storage devices.26-28 It was found 
that in the case of tetra(ferrocenyl)-containing porphyrins, a good separation between 
the first and the second ferrocene-centered oxidation waves can be achieved, while 
separation between the second and third oxidation processes is rather small.31 One of 
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the interesting observations found by Burrell and co-workers as well as our group was 
that increasing the rotational barrier for ferrocene groups results in a larger separation 
and better resolution for redox waves in electrochemical experiments.29-32 Following 
this observation, we have investigated a slightly more sterically crowded (yet very 
synthetically inexpensive) symmetric metal-free (1) and zinc (2) 5,10,15,20-tetra(1′-
hexanoylferrocenyl)porphyrin (Scheme 1). From the discussion presented below, it 
turns out that both of these compounds are very good candidates for both QCA and 
four-bit information storage applications. 
 
 
 
Scheme 1. Synthetic pathways for preparation of tetrahexanoylferrocene porphyrins – 
1 and 2. 
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EXPERIMENTAL DETAILS 
Reagents and materials. Solvents were purified using standard approaches: toluene 
was dried over sodium metal, THF was dried over sodium-potassium alloy, hexane and 
DCM were dried over calcium hydride. Silica gel (60 Å, 60-100 µm) was purchased 
from Dynamic Adsorbents Inc. 
 
Synthesis of 1’-(1-hexanoyl)ferrocencarboxaldehyde:  Aluminum Chloride 
(1.12 g, 1.2 equivalents) and ferrocencarboxaldehyde (1.5 g, 7 mmol) put under a N2 
atmosphere inside of a round-bottomed Schlenk flask in 45 ml of anhydrous CH2Cl2. 
In a second round-bottomed Schlenk flask, hexanoyl chloride (1.96 mL, 2.0 
equivalents) was dissolved in 55 ml of anhydrous CH2Cl2 under a N2 atmosphere. To 
this second solution, AlCl3 (2.24 g, 2.4 equivalents) was slowly added. The solution 
containing the acyl chloride was then added dropwise to the solution containing 
FcCHO, over a 20 minute period at 0°C. The reaction mixture was allowed to warm 
up to room temperature and kept under a N2 atmosphere for 5 hours. The reaction was 
then quenched by the addition of about 100 g of ice and extracted with three 50 mL 
washings of CH2Cl2. The crude product was chromatographed on silica gel using a 
hexane-AcOEt (3:2 v/v) mixture as the eluent (66% yield). [1] 1H NMR (CDCl3, 500 
MHz, 25 ⁰C):   δ 0.92(s, 3H, CH3), 1.36 (s, 4H, CH2), 1.69 (s, 2H, CH2), 2.64 (s, 2H, 
CH2), 4.56 (dt, 3JHH=19.3, 2.4 Hz, 4H, cp CH), 4.81 (dt, 3JHH = 33.7, 2.4 Hz, 4H, cp 
CH), 9.92 (s, 1H, CHO) 
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Synthesis of metal-free 5,10,15,20-tetra(1′-hexanoylferrocenyl)porphyrin)(1) : 1’-
(1-hexanoyl)ferrocencarboxaldehyde (700 mg, 2.2 mmol) and distilled pyrrole (150 
μL, 2.2 mmol) were dissolved in 200 mL of anhydrous CH2Cl2 and Ar was bubbled 
through the solution for 15 min. After protecting the mixture from light, 
trifluoroacetic acid (250 μL, 3.25 mmol) was added dropwise. The solution was kept 
stirring at room temperature for 2 h. p-Chloranil (810 mg, 3.3 mmol) and 
triethylamine was then added. After stirring the resulting solution at room temperature 
for 4 h, triethylamine (460 μL, 3.3 mmol) was added. The solvent was evaporated 
under reduced pressure. The crude compound was purified by column 
chromatography on silica gel using CH2Cl2 as the eluent to give 240 mg (29%) 
isolated as a green solid. [2] 1H NMR (CDCl3, 500 MHz, 25 ⁰C):   δ -0.63 (s, NH2), 
0.88-1.49 (m, 44H, CH2CH2CH2CH2CH3), 4.41 (d, 3JHH = 305 Hz, 8H, cp CH) 5.09 (d 
3JHH = 285 Hz, 8H, cp CH) 9.59 (s, 8H, py CH).  UV-Vis: nm(ε x 10-3) 720 (9.4), 648 
(13.7), ca. 479 (33.3), 435 (84.2). 13CNMR (CDCl3, TMS, d), 204.4 (α-Pyrr), 130.1 
(β-Pyrr), 115.8 (Cmeso), 90.2, 79.8 (Cpipso), 78.9 - 70.8 (α , β -Cp), 44.8 – 13.8 
(CCH2CH2CH2CH2CH3) HRMS (ESI positive) calcd for C84H86N4O4Fe4 [M + H]+: 
1439.4132, found 1439.4109. 
 
Synthesis of Zinc 5,10,15,20-tetra(1′-hexanoylferrocenyl)porphyrin (2): Metal-free 
5,10,15,20-tetra(1′-hexanoylferrocenyl)porphyrin (0.03 mmol) was combined with 
zinc acetate (55.3 mg, 0.3 mmol) in toluene and refluxed for 2 hours while protected 
from light. The solvent was subsequently evaporated under reduced pressure and an 
alumina column with CH2Cl2 as eluent.  Sample was recrystallized using 
benzene:hexanes (1:10) (48% yield). 1H NMR (CDCl3, 500 MHz, 25 ⁰C):  δ 0.59-
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1.36 (m, 44H, CH2CH2CH2CH2CH3), 4.45 (d, 3JHH = 225 Hz, cp CH), 5.09 (d, 3JHH = 
300, 8H, cp CH), 9.81 (s, 8H, py CH).  UV-Vis: nm(ε x 10-3) 667 (21.1), 612 (9.4), ca. 
465 (67.6), 437 (93.3). 13CNMR (CDCl3, TMS, d), 204.5 (α-Pyrr), 131.6 (β-Pyrr), 
116.9 (Cmeso), 91.7, 79.4 (Cpipso), 78.9 - 70.8 (α , β -Cp), 45.0 – 13.5 
(CCH2CH2CH2CH2CH3) HRMS (ESI positive) calcd for C84H84N4O4Fe4Zn [M]+: 
1502.3`95, found 1502.3193. 
 
DFT-PCM and TDDFT-PCM Calculations. In all calculations, the alkyl chains in 
pophyrins 1 and 2 were truncated to the methyl group. All geometries were optimized 
using a hybrid TPSSh exchange-correlation functional.33 Energy minima in optimized 
geometries were confirmed by the frequency calculations (absence of the imaginary 
frequencies). Solvent effects were calculated using the polarized continuum model 
(PCM).34 In all calculations, DCM was used as the solvent. In PCM-TDDFT 
calculations, the first 80 states were calculated. In all calculations, all atoms were 
modeled using 6-31G(d)35 basis set. Gaussian 09 software was used in all calculations.36 
QMForge program was used for molecular orbital analysis.37  
 
Spectroscopy and electrochemistry. A Jasco-720 spectrophotometer was used to 
collect UV-Vis data. Electrochemical cyclic voltammetry (CV) and differential pulse 
voltammetry (DPV) measurements were conducted using a CH Instruments 
electrochemical analyzer utilizing a three-electrode scheme with platinum working, 
auxiliary and Ag/AgCl pseudo-reference electrodes. DCM was used as a solvent 
along with 0.05 M solution of tetrabutylammonium tetrakis(pentafluorophenyl)borate 
(TBAB(C6F5)4) as an electrolyte in order to minimize ion-pairing effect in CV and 
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DPV experiments. In all cases, experimental redox potentials are recorded versus a 
decamethylferrocene (Cp*2Fe) as an internal standard. Spectroelectrochemical 
experiments were conducted in DCM/0.15M TBAB(C6F5)4 systems using a custom-
made 1mm cell and platinum mesh working electrode. NMR spectra were recorded on 
a Varian INOVA instrument with a 500 MHz frequency for protons and 125 MHz for 
carbon. Chemical shifts are reported in parts per million (ppm) and are referenced to 
tetramethylsilane (Si(CH3)4) as an internal standard. In all cases, final assignments of 
1H and 13C signals were made using COSY spectra. High-resolution ESI mass spectra 
were collected using Bruker Qtof-III instrument in THF solutions. Mossbauer spectra 
was recorded using a SEE Co. Model W302 Resonant Gamma-ray Spectrometer in 
constant acceleration mode. The Source was 57Co in a rhodium matrix with an initial 
activity of 50 mCi. The isomer shifts are referenced against α-Fe at 298 K. 
Fit for the Mossbauer spectra were completed with WMOSS Mossbauer fitting 
software128.  
 
RESULTS AND DISCUSSION 
Synthesis and characterization. The preparation of 1’-(1-hexanoyl)ferrocen- 
carboxaldehyde carboxaldehyde was achieved by a standard acylation reaction using 
AlCl3 as a Lewis acid catalyst. We found that use of the standard Lindsey method with 
BF3 as catalyst in preparation of the metal-free porphyrin 1 results in its very low yield. 
Thus, trifluoroacetic acid-catalyzed tetramerization reaction followed by oxidation of 
the resulted porphyrinogen with p-chloranil was adopted for preparation of the metal-
free porphyrin 1 in 29% yield. Zinc insertion reaction was conducted at the standard 
conditions and resulted in zinc complex 2 in 48% yield. Both porphyrins are soluble in 
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a variety of organic solvents and stable in a solid state in ambient atmosphere. The 
structures of the target porphyrins were confirmed by 1H, 13C, and COSY NMR, UV-
vis, and MCD spectroscopy, high-resolution ESI mass spectrometry. 1H NMR spectra 
of porphyrins 1 and 2 are typical for ferrocene-containing porphyrins signals with β-
pyrrolic protons, four signals of protons associated with disubstituted ferrocene 
fragments, and five multiplets associated with the side-chain protons in alkyl groups 
(Supporting Information Figures S1 and S2). In addition, metal-free porphyrin 1 has 
NH protons signal at -0.5 ppm, which is similar to that observed in TFcPH2 (TFcP = 
5,10,15,20-tetraferroceneporphyrin dianion) and indicative of close non-planarity of 
their porphyrin cores. The presence of the side-chain carbonyl carbon atom in 
porphyrins 1 and 2 was confirmed by the 13C NMR spectroscopy (Supporting 
Information Figures S3 and S4), while their composition was supported by high-
resolution mass spectrometry (Supporting Information Figure S5). An influence of the 
mid-size acyl-substituent on the rotational barrier of ferrocene group was studied by the 
variable-temperature NMR spectroscopy. In case of the metal-free porphyrin 1, the first 
coalescence point for the β-pyrrolic protons was observed at ~40oC higher temperature 
compared to TFcH2 analogue, suggesting a rather minor, although clear influence of the 
side-chain on the dynamic processes in 1 (Figure 3). The observation of the dynamic 
processes in zinc porphyrin 2 was hindered by a clear axial coordination of the THF 
solvent molecule at low temperatures.   
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Figure 3. Variable-temperature 1H NMR spectra of 1 in the β-pyrrolic protons region 
in THF-d8.  
 
 UV-vis and MCD spectra of porphyrins 1 and 2 are shown in Figure 4 with 
numerical peak positions and intensities provided in the Experimental Section. The 
spectra of porphyrins 1 and 2 are close to the earlier published corresponding spectra 
of TFcPH2 and TFcPZn compounds.9 In case of the metal-free porphyrin 1, the UV-vis 
spectrum is dominated by an intense Soret band at 435 nm, a shoulder at 475-485 nm 
and a couple of lower intensity Q-bands detected at 648 and 720 nm. In the MCD 
spectrum of 1, centered at 439 nm, a Faraday pseudo A-term is associated with the Soret 
band and two Q-bands are associated with negative and positive Faraday B-terms, 
having close to the absorption bands energies. Finally, associated with a broad shoulder 
in absorption spectrum, a Fadaray pseudo A-term was observed at 478nm in the MCD 
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spectrum of 1. The UV-vis spectrum of zinc porphyrin 2 has a much broader and more 
intense shoulder observed close to the Soret band. Increase in the effective symmetry 
of zinc porphyrin 2 can be clearly seen from its MCD spectrum as it is dominated by 
three Faraday A-terms centered at 669, 433, and 493 nm and associated with the Q-
band at 667 nm, Soret band at 437 nm, and a broad shoulder at 491 nm.  
 
 
 
 
 
 
 
 
 
 
Figure 4. Room temperature UV-Vis and MCD data for porphyrins 1 (above) and 2 
(below) in DCM 
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Redox properties. As it was mentioned in the introduction section, QCA 
application of the porphyrins 1 and 2 requires formation of a stable di-cation state, 
while four-bit information storage in 1 and 2 can only be achieved if four oxidation 
processes in these porphyrins could be clearly separated by a minimum of 150 mV. 
Thus, in order to evaluate the applicability of porphyrins 1 and 2 for QCA and four-bit 
information storage, their redox properties were studied using electrochemical CV 
and DPV methods. To minimize ion-pairing processes between solute and electrolyte 
and to improve the resolution between ferrocene-centered oxidation processes, 
electrochemical data was collected using DCM as a relatively low-polarity solvent 
and a weakly coordinating TBAB(C6F5)4 electrolyte.11 Collected in DCM/0.05M 
TBAB(C6F5)4 system CV and DPV data for porphyrins 1 and 2 are presented in 
Figure 5 with corresponding redox potentials shown in Table 1. 
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Figure 5. CV (lower line) and DPV (upper line) of 1 and 2 obtained in DCM/ 
TBAB(C6F5)4 system. * denotes Me10Fc as internal standard. † denotes reduction of 
oxygen. 
  
Table 1. Redox properties of tetraferrocenyl porphyrins in DCM/0.05M TBAB(C6F5)4 
system at room temperature determined using CV and DPV data. a  
Porphyrin Ox5 Ox4  Ox3 Ox2 Ox1 Red1 Red2 
1a  0.86 0.61 0.25 0.10 -1.73 -2.07 
2  1.15 0.58 0.27 -0.08 -2.26  
H2TFcPb 1.25 0.34 0.24 0.15 -0.07 -1.78 -2.06 
ZnTFcP 1.09 0.25 0.17 0.09 -0.14 -2.03  
        
a All potentials are versus FcH/FcH+ couple; b Reference 30. 
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 In the case of  the symmetric and asymmetric tetra(ferrocenyl)-containing 
porphyrins studied so far, a very similar picture for the oxidation of ferrocene groups 
was observed in the DCM/0.05 M TBAB(C6F5)4 system, i.e. all four stepwise single-
electron oxidation waves (“1e- + 1e- + 1e- + 1e-“ sequence) can be clearly seen in CV 
and DPV experiments with the separation between the first and the second and third 
and fourth waves being larger than the separation between the second and the third 
oxidation waves. A close proximity between the second and the third oxidation 
potentials hinders a potential application of these porphyrins in QCA. In contrast to 
the earlier observations, the reversible oxidation processes in symmetric porphyrins 1 
and 2 (in the same DCM/0.05 M TBAB(C6F5)4 system) reveal only three oxidation 
waves for ferrocene oxidation in “1e- + 1e- + 2e-“ sequence followed by a reversible 
single-electron oxidation of porphyrin core (Figure 5). The “1e- + 1e- + 2e-“ sequence 
is unprecedented for tetra(ferrocenyl)-containing porphyrins. Moreover, the first (1e-), 
second (1e-), third (2e-) and fourth (1e-) oxidation processes in 1 and 2 are well-
separated (150 – 570 mV) from each other, which makes porphyrins 1 and 2 good 
candidates for both QCA and four-bit information storage applications.  As expected, 
the introduction of an electron-withdrawing substituent into the ferrocene-core results 
in oxidation potentials in 1 and 2 to more positive values. In addition, two (1) or one 
(2) reversible porphyrin-centered one-electron reductions were observed between -
1.73 and -2.26 V in CV and DPV experiments.  
The electrochemical comproportionation constants (Kc)37 for mixed-valence 
porphyrins [1]n+ and [2]n+ (n = 1 or 2) can be calculated based on the following 
equilibrium equations (Table 2):  
    [1 or 2]0 + [1 or 2]2+  2 [1 or 2]+                          (1) 
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      [1 or 2]1+ + [1 or 2]3+/4+  2 [1 or 2]2+                   (2) 
Calculated on the basis of the CV and DPV data, comproportionation constants for the 
formation of mixed-valence [1 or 2]+ and [1 or 2]2+ are very high and indicative of the 
stability of these species under electrochemical and spectroelectrochemical 
conditions. It is well-recognized, however, that the electrochemical 
comproportionation constants should be treated with caution as it will heavily depend 
on the solvent/electrolyte combination.11-13, 37  
Table 2. Calculated based on 
electrochemical data comproportionation 
constants (Kc)a for mixed-valence [1or 2]+ 
and [1 or 2]2+ complexes.X0 + X2+  
2(X+) 
X1+ + X3+  2(X2+) 
1 
343 1216000 
2 
824000 174000 
 
a comproportionation constants were calculated using Kc = exp [∆E F/RT] formula, 
where F/RT = 38.92 V-1 at 298 K (see Ref. 37). 
 
Formation of an intense inter-valence charge-transfer (IVCT) band in the NIR 
region is usually considered as a sign of electronic communication between identical 
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substituents connected via a linking group30. Thus, the spectroelectrochemical 
oxidation of the neutral porphyrins 1 and 2 in the DCM/0.15M TBAB(C6F5)4 system 
was conducted to identify spectroscopic signatures of the mixed-valence [1 or 2]+ and 
[1 or 2]2+ species and to support an assignment of oxidation processes observed in CV 
and DPV experiments. In both porphyrins 1 and 2, three clear and reversible oxidative 
transformations were found during spectroelectrochemical experiments (Figures 6 and 
7), which correlate well with the electrochemical data. During the first oxidation 
process, which was assigned to the [1 or 2]0 → [1 or 2]+ transformation, the most 
intense Soret band at ~435 nm in 1 and 2 decreases in intensity, while a new red-
shifted band at 460 for both (1) and (2) appears in the spectrum. In addition, 
intensities of transitions in the Q-band region decrease and an intense, very 
characteristic IVCT transition appears in the NIR region of the spectra at 926 nm, [1]+ 
or 908 nm, [2]+ (Figures 6a and 7a). Position and intensity of the IVCT band in [1]+ 
and [2]+ are close to those earlier observed for the mixed-valence [TFcPH2]+ and 
[TFcPZn]+ complexes,29-31 which further confirm this transformation to the formation 
of a mixed-valence [1 or 2]+ species. The second oxidation process results in the 
significant reduction of the Soret-type band intensity, and the low-energy shift (1219 
nm for [1]2+ and 1250 nm for [2]2+) of the IVCT band in the NIR region of the spectra 
(Figures 6b and 7b). Taking into consideration the very large difference in potentials 
between the first, second, and third oxidation waves observed in CV and DPV 
experiments, a second transformation observed in spectroelectrochemical experiments 
could be assigned with a confidence to [1 or 2]1+ → [1 or 2]2+ process. Observed 
IVCT band energy in [1 or 2]2+ is similar to earlier observed IVCT in [TFcPH2]2+ and 
[TFcPZn]2+ mixed-valence complexes.9 Finally, during a third oxidation, the Soret-
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type band reduced in intensity and the IVCT band disappears in the NIR region 
suggesting transformation of [1 or 2]2+ to fully oxidized [1 or 2]4+ species (Figures 6c 
and 7c).  
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Figure 6.  Transformation of [1]0 into [1]1+ (A); [1]1+ into [1]2+ (B); and [1]2+ to [1]4+ 
(C) under spectroelectrochemical conditions in the DCM/ TBAB(C6F5)4 system. 
Recorded using an optically-transparent thin-layer electrode under bulk electrolysis 
conditions in spectroelectrochemical cell. 
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Figure 7. Transformation of [2]0 into [2]1+ (A); [2]1+ into [2]2+ (B); and [2]2+ to [2]4+ 
(C) under spectroelectrochemical conditions in the DCM/ TBAB(C6F5)4 system. 
Recorded using an optically-transparent thin-layer electrode under bulk electrolysis 
conditions in spectroelectrochemical cell. 
 
 Spectroscopic UV-vis-NIR signatures of the mixed-valence [1 or 2]1+/2+ 
compounds were further supported by chemical oxidation of porphyrins 1 and 2. 
Indeed, the during chemical oxidation of 1 and 2, spectra very similar to 
spectroelectrochemical transformations were observed (Figures 8 and 9). In particular, 
the Soret band first undergoes a red shift and then loses its intensity. The IVCT appears 
in the NIR region during the first oxidation, undergoes a low-energy shift during second 
oxidation and disappears during the third, two-electron oxidation process.  
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Figure 8. Transformation of UV-vis spectra of 1 during its oxidation with “Magic 
Blue”. 
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Figure 9. Transformation of UV-vis spectra of 2 during its oxidation with “Magic 
Blue”. 
 
 Mossbauer spectroscopy was employed to provide evidence into the exact 
nature of the stepwise oxidations. The isomer shifts and quadrupole splittings shown 
in the initial spectra for both 1 and 2 is close to those of parent ferrocene (room-
temperature isomer shift of 0,44 mm s-1, and quadrupole splitting of 2.37 mm s-1)20 
indicating the initial presence of only one type of low-spin, ferrous center. Additions 
of an oxidant (DDQ) result in the formation of a new doublet that grows in intensity 
as the compound is further oxidized (Figures 10 and 11). This doublet possesses a 
unique isomer shift and quadrupole splitting (Table 3), indicating that a mixed valance 
compound consisting of Fe2+ and Fe+3 is being formed. By comparing the ratio of the 
two doublets, further evidence is provided to support the nature of the stepwise 
ferrocene oxidations. 
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Figure 10. Mossbauer spectroscopy for [1]0 (A) into [1]1+ (B); [1]1+ into [1]2+ (C); 
and [1]2+ to [2]4+ (D). DDQ was used to oxidize sample. 
 
 
Figure 11. Mossbauer spectroscopy for [2] [1]0 (A) into [1]1+ (B); [1]1+ into [1]2+ (C); 
and [1]2+ to [2]4+ (D). DDQ was used to oxidize sample. 
A B 
C D 
A B 
C D 
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Table 3: Isomer shift and quadrupole splitting values for 1 and 2 through oxidation 
states. 
Complex 1 O+ 1+ 2+ 4+ 
Fe1 Isomer Shift 
(mm/s) 
0.45 0.44 0.44  
Fe1 Quadrupole 
(mm/s) 
2.23 2.17 2.15  
Fe2 Isomer Shift 
(mm/s) 
 0.37 0.39 0.41 
Fe2 Quadrupole 
(mm/s) 
 0.69 0.66 0.72 
Fe2+/Fe3+ ratio 100:0 74:26 57:43 0:100 
     
Complex 2 O+ 1+ 2+ 4+ 
Fe1 Isomer Shift 
(mm/s) 
0.44 0.44 0.44 0.44 
Fe1 Quadrupole 
(mm/s) 
2.26 2.18 2.20 2.18 
Fe2 Isomer Shift 
(mm/s) 
 0.41 0.41 0.41 
Fe2 Quadrupole 
(mm/s) 
 0.70 0.75 0.66 
Fe2+/Fe3+ ratio  70:30 54:46 32:68 
 
In order to get an additional insight into the mixed-valence [1 or 2]1+/2+ 
species, we conducted band deconvolution analysis of the corresponding NIR regions 
of the spectra generated under spectroelectrochemical and chemical oxidation 
conditions. Hush formalism21 was then used to analyze IVCT band parameters (Table 
3). The values of key IVCT band parameters, i.e. the electronic coupling matrix 
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element (Hab) and the degree of delocalization (α2) were estimated using standard 
equations with the Fe-Fe distances estimated from the DFT-predicted geometries of 
neutral porphyrins 1 and 2.  
Hab = 2.05 x 10-2 [(νmax Ɛmax ∆ν1/2)1/2 / rab]   equation 1 
 
α2 = 4.24 x 10-4 [(Ɛmax ∆ν1/2) / (rab2 νmax)]  equation 2 
The energy of the IVCT at band maximum in cm-1 is νmax, Δν1/2 is the width at the 
band maximum in cm-1, εmax is the molar extinction coefficient of the IVCT, and rab is 
the distance between redox centers in Å. Since the near NIR band in the mixed-
valence [1]+ and [2]+ complexes is very broad, band deconvolution analysis was used 
to analyze IVCT transitions in these mixed-valence compounds obtained by the 
chemical oxidation or under spectroelectrochemical conditions (Figure 12 and 
Supporting Information Figure 6). The IVCT band parameters in complexes [1]+ and 
[2]+ were found in the typical range for the strongly coupled class II (in Robin-Day 
classification) mixed-valence compounds (Table 4). It should be noted, however, that 
because of the wide nature of the NIR absorption in [1]+ and [2]+, one might expect a 
large potential uncertainly in the band deconvolution analysis and thus listed in Table 
4 parameters should be treated with some caution. 
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Figure 12. NIR band deconvolution analysis for [1]+ (left) and [2]+ (right) generated 
under spectroelectrochemical conditions. 
 
Table 4. Estimated Hab and α2 values for mixed-valence states of ferrocenyl-
containing porphyrins generated under chemical- and electrochemical conditions. 
Complex [1]+ a [1]+ b [2]+ a [2]+ b 
, cm-1 10775 11649 10739 11627 
1/2, cm-1 1744 1677 1630 1483 
Ɛ, M-1 cm-1 16125 24642 12836 13683 
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Hab, cm-1 1157c 1458c 996c 1021c 
1/2(theor.), cm-1 4989 5187 4980 5182 
RMM, Å 9.755c 9.755c 9.755c 9.755c 
Γ 0.650 0.676 0.673 0.714 
a Spectroelectrochemical oxidation; b chemical oxidation; c minimum Fe-Fe distances 
from DFT calculations   
 
Data presented in Table 4, is suggestive of the Class II (in Robin-Day 
formalism) behavior of the mixed-valence [1 or 2]1+/2+ species, which correlates well 
with the reported earlier behavior of the mixed-valence [TFcPH2]n+ and [TFcPM]n+ 
complexes. As usual, parameters listed in Table 4 should be treated with a grain of salt 
because: (i) a relatively broad NIR spectral envelope for [1 or 2]1+/2+ species adds 
uncertainly factor to band deconvolution procedure and (ii) it is hard to predict an 
average Fe-Fe distance in the mixed-valence species as the ferrocene groups have 
relatively low rotational barriers in porphyrins 1 and 2. Nevertheless, data shown in 
Table 4 adds support to understanding the of behavior of the mixed-valence [1 or 
2]1+/2+ species.22  
 
 
 
Table 5. Compositions of the frontier MOs of organometallic porphyrins 1 (left) and 2 
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(right) predicted by DFT-PCM calculations.a 
 
 
DFT and TDDFT calculations.  
In order to correlate spectroscopy and redox properties of the porphyrins 1 and 
2 with their electronic structures, DFT-PCM and TDDFT-PCM calculations were 
conducted on both systems. The DFT-PCM optimized geometries of porphyrins 1 and 
2 support their non-planar nature and indicate that the most stable conformation in both 
compounds should have arrangement of the ferrocene substituents with 
respect to the porphyrin core. DFT-PCM predicted molecular orbital compositions of 
the frontier orbitals is listed in Table 5, while representative images of the frontier 
molecular orbitals and the molecular orbital energy diagram are shown in Figure 13. In 
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 A 
agreement with the previous DFT calculations on tetra(ferrocenyl)-containing 
porphyrins, the LUMO and LUMO+1 were predicted to be π* orbitals, predominantly 
centered at the porphyrin core with their shapes resembling classic Gouterman’s23 “eg” 
pair. The LUMO and LUMO+1 are well separated in energy from the other unoccupied 
Mos.  The DFT-PCM predicted HOMO in porphyrins 1 and 2 resembles Gouterman’s 
“a2u”orbital and consists of slightly larger contributions from the ferrocene fragments 
complimented by the contribution from the porphyrin cores’ nitrogen and meso-atoms. 
The HOMO in porphyrins 1 and 2 is well-separated in energy (~0.5 eV) from the other 
occupied orbitals and the HOMO in zinc complex 2 is slightly higher in energy 
compared to the HOMO in metal-free 1, which correlate well with electrochemical data. 
DFT-PCM predicts that the HOMO-1 to HOMO-9 region consists of a very closely 
spaced (~0.2 eV) orbitals. Although all of them are dominated by contributions from 
ferrocene fragments, HOMO-8 in 1 and HOMO-1 in 2 resemble classic Gouterman’s 
“a1u” orbital and have a large contribution from the porphyrin carbon atoms located at 
- and -pyrrolic positions (Figure 12).   
    
 
 
 
 
     
 
Figure 13. DFT-PCM optimized geometries of porphyrins 1 (A) and 2 (B). 
B 
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Figure 14. DFT-PCM predicted frontier orbital energies for the most stable 
atropisomers of complexes 1 (left) and 2 (right) with pictorial representation of the 
selected Mos. 
  
TDDFT-PCM predicted UV-vis spectra of porphyrins 1 and 2 are shown in 
Figure 15 (for cm-1 scale, please see Supporting Information Figure S9) and are in a 
good agreement with the experimental data. TDDFT-PCM predicts that the Q-band 
region in UV-vis spectra of porphyrins 1 and 2 should be dominated by the HOMO → 
LUMO, LUMO+1 single-electron transitions (excited states 1 and 2). In addition, the 
metal-to-ligand charge-transfer (MLCT) transitions would be responsible for the 
intense shoulders between 440 and 520 nm observed in the UV-vis spectra of 
porphyrins 1 and 2. Finally, TDDFT-PCM predicts that the most intense bands in the 
Soret band region should have a predominant * character as they significant 
contributions HOMO, HOMO-8 (1) or HOMO, HOMO-1 (2) → LUMO, LUMO+1 
and the other porphyrin-centered single-electron excitations (Figure 14, Supporting 
Information Figure S7 and S8, and Table S2 and S3.)  
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Figure 15. Experimental (DCM) and PCM-TDDFT predicted UV-vis spectra of 1 
(left) and 2 (right). 
 
31 
 
CONCLUSIONS 
Metal-free (1) and zinc (2) 5,10,15,20-tetra(1′-hexanoylferrocenyl)porphyrins 
have been investigated by a variety of spectroscopic and computational methods. It has 
been found that unlike all other tetra(ferrocenyl)-containing porphyrins in a 
DCM/0.05M TBAB(C6F5)4 system. The ferrocene groups oxidized in “1e- + 1e- + 2e-
“ sequence and all three oxidation waves were very well (150 – 350 mV) separated 
from each other. A large separation of the second oxidation wave is indicative of a stable 
mixed-valence [1 or 2]2+ state, which implies that porphyrins 1 and 2 could be very 
good candidates for QCA application. The mixed-valence [1 or 2]1+/2+ species were 
characterized by their UV-vis-NIR spectra obtained under spectroelectrochemical and 
chemical oxidation conditions. Band deconvolution analysis was conducted for the NIR 
part of the UV-vis-NIR spectra of mixed-valence [1 or 2]1+/2+ compounds. It was found 
that all mixed-valence species belong to the Class II in Robin-Day classification. A 
presence of the additional reversible, porphyrin-centered oxidation (which is also well-
separated from the other oxidation waves,) allows us to propose porphyrins 1 and 2 as 
prospective platforms for four-bit information storage. Theoretical DFT-PCM and 
TDDFT-PCM calculations correlate well with experimental observations and confirm 
the nature of redox-active orbitals in 1 and 2 as well as provide insight into the character 
of the excited states in these compounds. 
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Chapter 2: Electronic coupling in the tetraferrocene aza-
dipyrromethene and azaBODIPY donor-acceptor systems with direct 
ferrocene-α- and β-pyrrole bonds 
 
 
INTRODUCTION 
The poly(ferrocenyl)-containing systems38-41 were intensively studied during recent 
years as their prominent electron-transfer properties could be potentially used in 
molecular electronics,42-46 random-access molecular modules,47-52 redox-switchable 
fluorescence markers,53-77 and light-harvesting.78-93 The fundamental aspects of 
electron-transfer processes in poly(ferrocenyl)-containing platforms in which 
ferrocenyl (Fc) groups are directly connected via metal ion or simple aromatic system 
are now well-understood.94-100 In addition, several research groups made a significant 
progress toward understanding of the long-range metal-metal coupling in 
poly(ferrocenyl)-containing porphyrins and their analogues in which Fc fragment are 
directly connected to the macrocyclic core.101-108 More recently, Fc-containing 
BODIPYs and azaBODIPYs as well as corresponding dipyrromethene and 
azadipyrromethene precursors have gained significant attention because of their 
interesting optical and redox properties.109-115 Several Fc-(aza)BODIPY and Fc-(aza) 
dipyrromethene donor-acceptor systems in which Fc group is linked to the core via a 
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spacer located at α-, β-pyrrolic, or meso-position were published during recent 
years.49 We also recently characterized the first diferrocenyl-containing azaBODIPY 
and azadipyrromethene donor-acceptor dyads with direct ferrocene-α-pyrrole bond.50 
It was shown that these systems have significant metal-metal coupling and two well-
separated, Fc-centered, oxidation processes. In this report, we discuss a new members 
of poly(ferrocenyl)-containing azaBODIPYs and azadipyrromethenes, in which four 
Fc groups are directly attached to α- and β-pyrrolic positions (Scheme 2). 
 
Scheme 2. Preparation of the target azadipyrromethene 3 and azaBODIPY 4. 
Reagents and conditions: (i) FcCOCH3, NaH/DMF, rt/20min; Yield: 77%. (ii) 
CH3NO2, DBU, 40min; Yield: 82% (iii) NH4Oac, n-BuOH, heat/12h; Yield: 19%. 
(iv) BF3·Et2O DIPEA/toluene heat/24h; Yield: 81%. 
 
EXPERIMENTAL DETAILS 
Materials. Chemicals were obtained commercially and used without further 
purification. Basic Alumia and silica gel were purchased from Sorbent Technologies. 
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The tetrabutylammonium tetrakis(pentafluorophenyl)borate (TBAF) was prepared 
according to literature procedures.51  
 
Instrumentation. UV−vis data were obtained on Jasco-720 spectrophotometer. 
Electrochemical measurements were conducted using a CH Instruments 
electrochemical analyzer utilizing a three-electrode scheme with platinum working, 
auxiliary, and Ag/AgCl reference electrodes in a 0.05 M solution of TBAF in DCM 
with redox potentials corrected using an internal standard (decamethylferrocene, 
FcH*) in all cases. The redox potentials were then corrected to ferrocene using 
appropriate oxidation potentials for FcH*/FcH*+ vs FcH/FcH+ in the DCM/0.05M 
TBAF system. NMR spectra were recorded on a Varian INOVA instrument with a 500 
MHz frequency for protons and 125 MHz frequency for carbons. Chemical shifts are 
reported in parts per million (ppm) and referenced to tetramethylsilane (Si(CH3)4) as 
an internal standard. High-resolution mass spectra were recorded for compounds 2-4 
using a Bruker micrOTOF-QIII.  
 
Computational aspects. All computations were performed using Gaussian 09 
software running under Windows or UNIX OS.52 Molecular orbital contributions were 
compiled from single point calculations using the VMOdes program.53 In all 
calculations, hybrid B3LYP54 exchange correlation functional was used for all 
calculations. In all calculations, Wachter’s full-electron basis set for iron and 6-
311G(d) basis set for all other atoms55 were employed. Solvent effects were modeled 
using PCM approach using DCM as a solvent.56 In all TDDFT calculations, the 
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lowest 100 excited states were calculated in order to cover experimentally observed 
transitions in UV-vis-NIR region. 
 
Synthesis of (2E)-1,3-diferrocenylprop-2-en-1-one (1): Synthesis of compound 2 was 
carried out by the modified method to the reported earlier procedure 57]. To the 
solution of acetylferrocene (1.56 g, 6.86 mmol) and ferrocenecarboxaldehyde (1.1 eq., 
1.61g) in 15 mL of dry DMF sodium hydride (1 eq., 164 mg) was added. The solution 
was stirred for 20 min at room temperature. Then 10 mL of water was slowly added, 
and product was isolated by filtration as a red solid. Yield 77 % (2.23 g). All 
spectroscopic properties were identical to the previously reported characteristics 57. 
 
Synthesis of 1,3-Diferrocenyl-4-nitrobutan-1-one (2): To the solution of compound 1 
(2.23 g, 5.26 mmol) in 20 mL of nitromethane DBU (1 eq., 790 mg) was added. The 
solution was refluxed for 40 min. After cooling to room temperature 10 ml of water 
was added, then product was precipitated from the resulting mixture by methanol. 
Product was isolated by filtration as a yellow powder. Yield 2.1 g (82 %). 1H NMR 
(500 MHz, CDCl3) δ 4.82-4.78 (m, 4H), 4.52 (s, 2H), 4.17-4.09 (m, 14H), 3.92-3.87 
(m, 1H), 3.19-3.18 (m, 2H); 13C NMR (CDCl3, 125 MHz): δ 201.54, 88.43, 80.09, 
78.74, 72.61, 70.04, 69.38, 68.94, 68.26, 68.11, 67.70, 66.82, 42.88, 33.76; HRMS 
(ESI positive) calcd for C24H23N1O3Fe2 [M + H]+: 485.0368, found 485.0391. 
 
Synthesis of [5, 3-Differrocenyl-1H-pyrrol-2-yl]-[5, 3-differrocenyl-pyrrol-2-
ylidene] amine (3): To the solution of compound 2 (2g, 4.1 mmol) in 20 mL of n-
BuOH ammonium acetate was added (70 eq., 22g). The resulting mixture was 
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refluxed for 12 h under the argon atmosphere. After cooling to room temperature, the 
precipitate was filtered and product was purified by flash column chromatography on 
neutral alumina using toluene as a solvent. Yield 19 % (340 mg). 1H NMR (500 MHz, 
CDCl3) δ 6.57 (s, 2H), 5.22 (t, J = 1.6 Hz, 4H), 4.85 (t, J = 1.6 Hz, 4H), 4.58 (t, J = 
1.6 Hz, 4H), 4.50 (t, J = 1.6 Hz, 4H), 4.22 (s, 10H), 4.18 (s, 10H); 13C NMR (CDCl3, 
125 MHz): δ 129.22, 128.36, 125.44, 112.63, 71.03, 70.35, 70.29, 69.71, 69.71, 
67.56; HRMS (ESI positive) calcd for C48H39N3Fe4 [M + H]+: 882.0658, found 
882.0632.  
 
Synthesis of BF2 Chelate of [5, 3-differrocenyl-1H-pyrrol-2-yl]-[5, 3-differrocenyl-
pyrrol-2-ylidene] amine (4): To the solution of compound 4 (200 mg, 0.277 mmol) in 
10 mL of toluene 2 mL of DIEA was added under the argon atmosphere. After 20 min, 
2 mL of BF3·Et2O was added. The resulting mixture was stirred overnight. The 
product was precipitated with methanol and filtered of as a green solid. Yield 81 % 
(174 mg). 1H NMR (500 MHz, CDCl3) δ 6.67 (s, 2H), 5.33 (s, 4H), 5.23 (s, 4H), 4.74 
(s, 4H), 4.62 (s, 4H), 4.23 (s, 10H), 4.20 (s, 10H); 13C NMR (CDCl3, 125 MHz): δ 
132.54, 131.02, 128.94, 115.50, 74.55, 72.92, 71.19, 70.83, 70.70. 69.31, 68.31; 
HRMS (ESI positive) calcd for C48H38N3Fe4B1F2 [M + H]+: 929.0471, found 
929.0480. 
 
X-ray crystallography. X-ray intensity data for compound 3 was measured on a CCD-
based X-ray diffractometer system equipped with a Mo-target X-ray tube (Mo Kα 
radiation, λ = 0.71073 Å) operated at 2000 W power. Crystals were mounted on a 
cryoloop using Paratone oil and placed under a steam of nitrogen at 100 K. The 
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detector was placed at a distance of 5.009 cm from the crystal.  A specimen of 3 
approximate dimensions 0.22 mm x 0.13 mm x 0.09 mm was used for the X-ray 
crystallographic analysis. Data were acquired using three sets of Omega scans at 
different Phi settings. The frame width was 0.5°. The structure was solved and refined 
using the Bruker SHELXTL Software Package, using the space group P2(1)/c, with Z 
= 4 for the formula unit, C40H31Fe2N3.   Hydrogen atoms were assigned ideal 
positions and refined isotropically as riding atoms. CCDC reference number for 3: 
986211. 
 
RESULTS AND DISCUSSION  
Similar to the reported earlier94 diferrocenyl-containing azaBODIPY, diferrocenyl-
containing chalcone 1, which was prepared by an aldol condensation between 
ferrocenecarbaldehyde and acetylferrocene, was the precursor to the 
azadipyrromethene 3. This chalcone 1 was further introduced in the reaction with 
nitromethane to prepare intermediate 2. Compound 2 was reacted with ammonium 
acetate to form tetraferrocenyl-containing dipyrromethene 3.  Finally, tetraferrocene-
containing azaBODIPY 4 was prepared by reaction of 3 and BF3·Et2O under basic 
conditions (Scheme 2). Both tetraferrocene-containing 3 and azaBODIPY 4 are stable 
in a solid state under ambient conditions and can be purified by standard 
chromatographic techniques. Structures of the target compounds 3 and 4 were 
confirmed by the 1H and 13C NMR, high-resolution ESI mass spectrometry 
(Supporting Information Figures S9 – S12), and UV-vis spectra.  
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Figure 16. X-ray crystal structure of 3. All hydrogen atoms are omitted for clarity. 
 
The X-ray crystal structure of 3 is presented in Figure 16. In general, this X-ray 
structure correlates very well with the previously published X-ray structures of its 
diferrocenyl azadipyrromethane and azaBODIPY analogues. In particular, ferrocene 
substituents at the α- and β-pyrrolic positions are fairy coplanar (11.11 – 24.05o) with 
the azadipyrromethane plane. Two ferrocene ligands in α-pyrrolic positions as well as 
two ferrocene groups in β-pyrrolic positions were found in anti conformation. The 
two ferrocene ligands located at the α- and β-pyrrolic positions of the same pyrrole 
heterocycle were found in a syn conformation. Crystallogrpahic Fe-Fe distances in 
complex 3 are 6.976 Å for ferrocene ligands at α-and β-pyrrolic positions in the same 
pyrrole heterocycle, 8.107 Å for adjacent ferrocene groups at different pyrrole 
heterocycles, and 10.832 Å for opposite ferrocene groups at different pyrrole 
heterocycles. Thus, one might expect that the geometric arrangement of the ferrocene 
substituents in 3 would facilitate electronic communication between all four iron ions 
in this system. 
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Figure 17. Experimental (DCM) and PCM-TDDFT predicted UV-vis spectra of 3 
(top) and 4 (bottom). 
 
Similar to the reported earlier diferrocene-BODIPY systems,48 tetraferrocene 
analogues 3 and 4 have two intense bands in the visible-to-NIR region with the 
relatively narrow higher energy band and broad and more intense lower energy band 
(Figure 17). These bands in azaBODIPY 4 (599 and 837 nm) were detected at 
considerably lower energies compared to those in azadipyrromethene 3 (535 and 697 
nm) and are very close to the energies of similar bands observed in diferrocene 
analogues of 3 and 4. Steady-state fluorescence spectra of 3 and 4 are show full 
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quenching in both compounds and agree well with the usual quenching mechanism in 
ferrocene-containing complexes, which implies electron-transfer from the iron(II) 
center in Fc to the photoexcited azaBODIPY or azadipyrromethene fragment.49  
 
 
Figure 18. Room-temperature CV and DPV data on compounds 3 (top) and 4 
(bottom) in DCM/0.05M TBAF system. 
 
The redox behavior of tetra-iron complexes 3 and 4 were investigated using 
electrochemical CV and DPV approaches (Figure 18 and Table S1). Four well-
separated reversible oxidation waves associated with individual Fc groups were 
observed for both complexes, which is indicative of their electronic coupling.50 The 
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difference between the first and the second oxidations potential in DCM/0.05M TBAF 
system (TBAF = tetrabutylammonium tetrakis(pentafluorophenyl) borate) is 276 and 
160 mV for complexes 3 and 4, respectively, which is significantly smaller than 
similar difference for diferrocene analogues of 3 and 4.129 Nevertheless, these values 
indicated that the electrochemical comproportional constant Kc is is quite high (4.65 x 
104 for 3 and 5.08 x 102 for 4) and thus mixed-valence [3]+ and [4]+ species can be 
generated in solution under spectroelectrochemical or chemical oxidation conditions. 
The total span for Fc groups oxidation potentials is 536 and 780 mV, respectively and 
similar spans were observed in the case of tetra(ferrocenyl)-containing pyrroles, 
thiophene, and furane.51 No oxidation of the azaBODIPY or azadipyrromethene core 
was detected for both complexes 3 and 4 within electrochemical window, while quazi-
reversible reduction was observed at -1.31 V for azaBODIPY 4. 
The spectroscopic signatures of the redox-active [3]n+ and [4]n+ species in solution 
were gained from spectroelectrochemical and chemical oxidation experiments 
(Figures 19 and 20 and Figures S13 and S15). Based on the previous work of Lang’s 
and our groups on poly(ferrocenyl)-containing pyrroles, furans, and thiophens,67-69, 
113-115 one might expect appearance of broad and intense inter-valence charge-transfer 
(IVCT) band in the NIR region if the first oxidation is centered at the ferrocene group 
connected to the α-pyrrolic position, while if the first oxidation would happen at the 
ferrocene group located at the β-pyrrolic position, IVCT will be more narrow and less 
intense. In the case of complexes 3 and 4, spectroelectrochemical experiments reveal 
three clean transformations upon stepwise change of oxidation potential (Figures 19 
and 20). During the first oxidation process in aza BODIPY 4, two most intense bands 
at 600 and 841 nm reduced in intensities and undergo low-energy shift to 616 and 912 
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nm, respectively (Figure 19a). In addition, two new broad absorption bands at ~1150 
and ~2600 nm appear in the spectrum of [4]+. The broad NIR band centered at ~2600 
nm is quite typical for the mixed-valence α-ferrocenyl pyrroles and aza BODIPY.128 
During a second oxidation transformation, [4]+ oxidizes to [4]2+, which results in 
partial intensity loss of the ~2600 nm IVCT band and growth of a new broad band at 
~1525 nm (Figure 19b). Similar decrease of the low-energy IVCT band and growth of 
the high-energy NIR band was observed upon second oxidation process in 
tetraferrocene furane and pyrrole.128 In addition, NIR bands of [4]+ at 912 and ~1150 
nm and visible band at 616 nm undergo high-energy shift to 830, ~1050, and 600 nm, 
respectively upon formation of [4]2+. Finally, during the third oxidation 
transformation, all NIR bands disappear from the spectrum, which is indicative of the 
stepwise transformation of [4]2+ into [4]3+ complex (Figure 17c). In addition, 
appearance of two new bands at 674 and 776 nm was also observed during formation 
of [4]3+. Because of the strong deposition of the fully oxidized [4]4+ species on 
electrode, we were not able to characterize these under spectroelectrochemical 
conditions. Reduction of the [4]3+ under spectroelectrochemical conditions results in 
formation of starting complex 4 (Supporting Information Figure S16). We also found 
that the mixed-valence complexes [4]+ and [4]2+ can be formed upon chemical 
oxidation of 4 with Fe(ClO4)3 or “magic blue” oxidants (Supporting Information 
Figures S14). In both cases, spectroscopic UV-vis-NIR signatures of the [4]+ and [4]2+ 
are very close to those observed during spectroelectrochemical experiments. It also 
should be noted that the presence of isosbestic points observed for redox 
transformations of complex 4 to the mixed-valence [4]+ and[4]2+ is indicative of 
absence of the additional species in solution. A very similar behavior was also 
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observed for 3  [3]+  [3]2+  [3]3+  [3]4+ transformation under 
spectroelectrochemical or chemical oxidation conditions (Figure 20 and Supporting 
Information Figure S15). In particular, growth of the NIR IVCT band at ~2600 nm 
upon formation of [3]+ and formation of the higher-energy NIR band during [3]+  
[3]2+ and [3]2+  [3]3+ transformation was clearly documented upon stepwise 
oxidation of 3 under spectroelectrochemical conditions. Again, spectroscopic 
signature of the mixed-valence [3]+ and [3]2+ complex were further confirmed during 
the chemical oxidation of 3 with DDQ as an oxidant (Supporting Information Figure 
S15). 
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Figure 19. Room-temperature spectroelectrochemical oxidation of 4 to [4]+ (A), [4]2+ 
(B), and [4]3+ (C) in DCM/0.15M TBAF system. 
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Figure 20. Room-temperature spectroelectrochemical oxidation of 3 to [3]+ (A), [3]2+ 
(B), [3]3+ (C), and [3]4+ (D) in DCM/0.15M TBAF system. 
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Since the NIR band in the mixed-valence [3]+ and [4]+ complexes is very broad, we 
used band deconvolution analysis to analyze IVCT transitions in these mixed-valence 
compounds obtained by the chemical oxidation or under spectroelectrochemical 
conditions (Figure 21 and Supporting Information Figure 17). The IVCT band 
parameters in complexes [3]+ and [4]+ were found in the typical range for the weakly 
coupled class II (in Robin-Day classification) mixed-valence compounds (Table 6). It 
should be noted, however, that because of the wide nature of the NIR absorption in 
[3]+ and [4]+, one might expect a large potential uncertainly in the band deconvolution 
analysis and thus listed in Table 6 parameters should be treated with some caution. 
 
Figure 21. NIR band deconvolution analysis for [3]+ (top) and [4]+ (bottom) 
generated under spectroelectrochemical conditions. 
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Table 6. IVCT band parameters obtained from the band deconvolution analysis. 
Complex [3]+ a [3]+ b [4]+ a [4]+ b 
, cm-1 4795 4859 4246 4344 
1/2, cm-1 3222 3409 3105 3108 
Ɛ, M-1 cm-1 3332 2642 1884 1895 
Hab, cm-1 565-
608c 
622-
632d 
576e 
670f 
521-
560c 
573-
583d 
531e 
617f 
400-
404c 
407-
448d 
 
406-
410c 
413-
454d 
1/2(theor.), 
cm-1 
3318 3340 3122 3158 
RMM, Å 7.39-
7.52c 
7.69-
8.27d 
8.11e 
6.98f 
7.39-
7.52c 
7.69-
8.27d 
8.11e 
6.98f 
8.04-
8.11c 
7.25-
7.97d 
 
8.04-
8.11c 
7.25-
7.97d 
 
Γ 0.0289 0.0207 0.0055 0.0158 
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a Spectroelectrochemical oxidation; b chemical oxidation; c minimum and maximum 
Fe-Fe distances from DFT calculations on all atropisomers; d minimum and 
maximum Fe-Fe distances from DFT calculations on all atropisomers; e Fe-Fe 
distance from X-ray data of 3; f Fe-Fe distance from X-ray data of 3. 
 
Relative energies of the individual atropisomers  of complexes 3 and 4 were estimated 
on a basis of DFT calculations. The DFT-predicted energy differences in atropisomers 
of 3 and 4 are rather small (0.6 and 0.3 kcal/mol, respectively). Not surprisingly, DFT 
and TDDFT calculations are indicate that the electronic structures vertical excitation 
energies for all studied atropisomers of 3 and 4 are very close to each other. In 
general, DFT-predicted electronic structures and TDDFT-predicted vertical excitation 
energies for complexes 3 and 4 correlate very well with the experimental results 
(Figures 15 and 22 as well as Supporting Information Figures S18 – S21). DFT 
predicts that the HOMO – HOMO-23 MOs in complexes 3 and 4 are predominantly 
Fc-centered. The azaBODIPY or azadipyrromethene π-system contributes ~42-47% 
into the HOMO and also has a significant contribution to HOMO-8 – HOMO-10 
orbitals. The predominant Fc-centered character of the HOMO is in agreement with 
electrochemical and spectroelectrochemical data, which indicate that the first 
oxidation process belongs to oxidation of ferrocene group. More important, the 
contribution from the Fc groups at α-pyrrolic positions is dominated HOMO and thus 
indicates that the first oxidation in 3 and 4 should be centered on one of these ligands 
(assuming that these systems are class II in Robin-Day classification as indicated by 
the NIR band deconvolution analysis of the [3]+ and [4]+ complexes). The LUMO in 3 
and 4 is the aromatic core-centered π-orbital, although contribution of aromatic core 
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in the LUMO+1 – LUMO+3 is also quite substantial (up to ~20%). The LUMO in 3 
and 4 is well separated in energy from the LUMO+1. The HOMO-LUMO energy gap 
in 3 is significantly larger compared to 4, which reflects strong stabilization of the 
LUMO in 4 and indicates that the low-energy NIR transition in 3 should be observed 
at the higher energy that similar transition in 4. The DFT predicted electronic 
structure of 3 and 4 should facilitate the numerous low-energy Fc-to-aromatic core 
MLCT transitions.  
 Two most intense bands predicted by TDDFT calculations in the NIR region 
for complexes 3 and 4 originate from the excited states 1 and 9, which are dominated 
by two single-electron excitations from the HOMO to LUMO and from the HOMO-8 
to LUMO (Supporting Information Tables S4 and S5). Both the HOMO and HOMO-8 
have substantial contribution from the azaBODIPY and azadipyrromethene π-system 
(Supporting Information Figures S18 and S19) and thus facilitate a significant π→π* 
character in the excited states 1 and 9. In contrary, predominant MLCT excited states 
in 3 and 4, which originate from almost pure ferrocene-centered HOMO-1 – HOMO-
7 to LUMO have low TDDFT-predicted intensity. In general, TDDFT calculated UV-
vis-NIR spectra of complexes 3 and 4 are in very good agreement with corresponding 
experimental data both in predicted excited states energies and intensities (Figure 16). 
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Figure 22. DFT-PCM predicted frontier orbital energies for the most stable 
atropisomers of complexes 3 and 4 with pictorial representation of the selected MOs. 
 
 
 
Conclusions 
In conclusion, we have prepared and investigated the first azadipyrromethene and 
azaBODIPY compounds with four Fc groups directly linked to both α- and β-pyrrolic 
positions. The Fc substituents in these complexes are electronically coupled to each 
other as evident from electrochemical, spectroelectrochemical and chemical oxidation 
data. The spectroscopic signatures of the mixed-valence [3]n+ and [4]n+ (n = 1, 2) 
species were obtained and analyzed on the basis of the Hush theory. IVCT band 
analysis is indicate that the mixed-valence [3]+ and [4]+ complexes belong to the class 
II compounds in Robin-Day classification. The DFT and TDDFT predicted electronic 
structures and the vertical excitation energies in complexes 3 and 4 are in good 
agreement with the experimental data and indicating that the first oxidation is 
localized on the Fc fragment attached to the α-pyrrolic positions. 
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Supporting Information Figure S1. 1H NMR spectra of compound 1 in 
CDCl3
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Supporting Information Figure S2. 1H NMR spectra of compound 2 in CDCl3. 
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Supporting Information Figure S3. 13C NMR spectra of compound 1 in CDCl3.
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Supporting Information Figure S4. 13C NMR spectra of compound 2 in 
CDCl3 
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Supporting Information Figure S5.   ESI mass spectrometry for compound 1 (left) and 
compound 2 (right) 
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Supporting Information Figure S6.   Full DFT-PCM optimized geometries for compound 1. 
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Supporting Information Figure S7.   Full DFT-PCM optimized geometries for compound 2. 
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Supporting Information Figure S8 Experimental (DCM) and PCM-TDDFT 
predicted UV-vis spectra of 1 (left) and 2 (right) in cm-1. 
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Supporting Information Figure S9. 1H and 13C NMR spectra of compound 2 in 
CDCl3. 
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Supporting Information Figure S10. 1H and 13C NMR spectra of compound 3 in 
69 
 
CDCl3. 
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Supporting Information Figure S11. 1H and 13C NMR spectra of compound 4 in 
CDCl3. 
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Supporting Information Figure S12. High-resolution ESI MS spectra of compounds 2 (left), 3 
(middle), and 4 (right). 
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Supporting Information Figure S13. Stepwise transformation of 4 into [4]+ (top) and [4]2+ 
(bottom) during chemical oxidation with Fe(ClO4)3 in DCM 
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Supporting Information Figure S14. Stepwise transformation of 4 into [4]+ during chemical 
oxidation with "magic blue" in DCM. 
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Supporting Information Figure S15. Stepwise transformation of 3 into [3]+ (top) and [3]2+ 
(bottom) during chemical oxidation with DDQ in DCM. 
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Supporting Information Figure S16. Reduction of [4]3+ to 4 under spectroelectrochemical 
conditions in DCM/0.15 TBAF system. 
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Supporting Information Figure S17. IVCT band deconvolution analysis for [3]+ (top) and [4] + 
(bottom) generated under chemical oxidation conditions in DCM
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Supporting Information Figure S18. DFT-predicted molecular orbital compositions for different 
atropisomers of 3. 
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Supporting Information Figure S19. DFT-predicted molecular orbital compositions for different 
atropisomers of 4. 
80 
 
  
 
 
 
 
 
Supporting Information Figure S20. TDDFT-predicted UV-vis-NIR spectra for different 
atropisomers of 3. 
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Supporting Information Figure S21. TDDFT-predicted UV-vis-NIR spectra for different 
atropisomers of 4. 
 
Supporting Information Table S1. Redox properties of complexes 3 and 4 in DCM/0.05M TBAF 
system (FcH/FcH+) 
 
Complex  Redox potential, V (FcH/FcH+) 
3 -0.14 (Ox1); +0.14 (Ox2); +0.24 (Ox3); +0.39 (Ox4) 
4 -1.31 (R1); -0.07 (Ox1); +0.09 (Ox2); +0.35 (Ox3); +0.71 (Ox4) 
 
 
Supporting Information Table S2. TDDFT-predicted energies, oscillator strengths, and expansion 
coefficients of the most stable atropisomer of complex 1. 
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Excitation energies and oscillator strengths: 
Excited State   1:      Singlet-B      1.8050 eV  686.91 nm  f=0.1674  <S**2>=0.000 
    305 -> 314       -0.17983 
    312 -> 314        0.12164 
    313 -> 314        0.39187 
    313 ->
83 
 
 315        0.51981 
This state for optimization and/or second-order correction. 
Total Energy, E(TD-HF/TD-KS) =  -8198.52496510     
Copying the excited state density for this state as the 1-particle RhoCI density. 
Excited State   2:      Singlet-B      1.8574 eV  667.50 nm  f=0.2478  <S**2>=0.000 
    304 -> 314       -0.13719 
    305 -> 315        0.13912 
    312 -> 315       -0.13053 
    313 -> 314        0.52110 
    313 -> 315       -0.39206 
Excited State   3:      Singlet-A      2.1162 eV  585.88 nm  f=0.0229  <S**2>=0.000 
    306 -> 314        0.32878 
    306 -> 315        0.12327 
    308 -> 314       -0.18413 
    310 -> 314        0.28414 
    311 -> 314        0.46937 
Excited State   4:      Singlet-B      2.1250 eV  583.46 nm  f=0.0249  <S**2>=0.000 
    305 -> 314        0.22959 
    307 -> 314       -0.38290 
    309 -> 314        0.38473 
    309 -> 315        0.10841 
    312 -> 314        0.30906 
Excited State   5:      Singlet-A      2.1316 eV  581.66 nm  f=0.0091  <S**2>=0.000 
    306 -> 314        0.52628 
    308 -> 314       -0.15694 
    310 -> 314       -0.32912 
    310 -> 315       -0.11266 
    311 -> 314       -0.21400 
Excited State   6:      Singlet-B      2.1402 eV  579.32 nm  f=0.0409  <S**2>=0.000 
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    307 -> 315       -0.16050 
    309 -> 314       -0.40565 
    312 -> 314        0.43639 
    312 -> 315       -0.26416 
Excited State   7:      Singlet-A      2.1498 eV  576.72 nm  f=0.0075  <S**2>=0.000 
    306 -> 314        0.10436 
    306 -> 315       -0.15457 
    308 -> 314        0.22800 
    308 -> 315       -0.32911 
    310 -> 314        0.22906 
    310 -> 315       -0.28574 
    311 -> 315        0.37079 
Excited State   8:      Singlet-A      2.1537 eV  575.69 nm  f=0.0015  <S**2>=0.000 
    306 -> 315        0.13251 
    308 -> 314       -0.21410 
    308 -> 315        0.45643 
    310 -> 314        0.17347 
    310 -> 315       -0.15669 
    311 -> 314       -0.10199 
    311 -> 315        0.36648 
Excited State   9:      Singlet-B      2.1552 eV  575.28 nm  f=0.0069  <S**2>=0.000 
    305 -> 315        0.16779 
    307 -> 314       -0.27693 
    307 -> 315        0.45108 
    309 -> 314       -0.28157 
    309 -> 315        0.16860 
    312 -> 314        0.10320 
    312 -> 315        0.21023 
Excited State  10:      Singlet-B      2.1881 eV  566.64 nm  f=0.0031  <S**2>=0.000 
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    304 -> 315       -0.12018 
    305 -> 314        0.14801 
    305 -> 315        0.14276 
    307 -> 315       -0.18655 
    309 -> 315       -0.33758 
    312 -> 314        0.15503 
    312 -> 315        0.49291 
Excited State  11:      Singlet-A      2.2022 eV  562.99 nm  f=0.0002  <S**2>=0.000 
    306 -> 314       -0.13454 
    310 -> 314       -0.43498 
    310 -> 315       -0.22076 
    311 -> 314        0.45319 
    311 -> 315        0.17388 
Excited State  12:      Singlet-B      2.2324 eV  555.39 nm  f=0.0141  <S**2>=0.000 
    305 -> 314        0.11371 
    307 -> 314        0.49889 
    307 -> 315        0.25847 
    309 -> 314        0.20795 
    309 -> 315        0.15499 
    312 -> 314        0.28254 
Excited State  13:      Singlet-A      2.2349 eV  554.77 nm  f=0.0024  <S**2>=0.000 
    306 -> 314        0.10972 
    308 -> 314        0.30289 
    310 -> 314       -0.10999 
    310 -> 315        0.50515 
    311 -> 315        0.34306 
Excited State  14:      Singlet-A      2.2404 eV  553.40 nm  f=0.0000  <S**2>=0.000 
    306 -> 314        0.19111 
    308 -> 314        0.49105 
86 
 
    308 -> 315        0.31620 
    310 -> 315       -0.21807 
    311 -> 315       -0.23940 
Excited State  15:      Singlet-B      2.2687 eV  546.50 nm  f=0.0143  <S**2>=0.000 
    305 -> 315        0.16493 
    307 -> 315       -0.36813 
    309 -> 314       -0.10382 
    309 -> 315        0.52768 
    312 -> 315        0.16725 
Excited State  16:      Singlet-A      2.2729 eV  545.50 nm  f=0.0007  <S**2>=0.000 
    306 -> 314       -0.12131 
    306 -> 315        0.64923 
    308 -> 315       -0.22238 
Excited State  17:      Singlet-B      2.3477 eV  528.10 nm  f=0.0015  <S**2>=0.000 
    304 -> 314        0.55003 
    304 -> 315        0.10399 
    305 -> 315        0.36139 
    307 -> 314        0.10092 
    312 -> 314       -0.13478 
Excited State  18:      Singlet-B      2.3696 eV  523.22 nm  f=0.0162  <S**2>=0.000 
    304 -> 314       -0.10383 
    304 -> 315        0.52476 
    305 -> 314       -0.36724 
    305 -> 315        0.13494 
    307 -> 315       -0.10237 
    309 -> 315       -0.10586 
    312 -> 315        0.11025 
Excited State  19:      Singlet-B      2.5896 eV  478.77 nm  f=0.0340  <S**2>=0.000 
    300 -> 314        0.50223 
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    300 -> 315        0.10493 
    301 -> 316       -0.13616 
    302 -> 314        0.33567 
    304 -> 314        0.12130 
    305 -> 315       -0.11845 
Excited State  20:      Singlet-A      2.5927 eV  478.21 nm  f=0.0023  <S**2>=0.000 
    300 -> 316       -0.11712 
    301 -> 314        0.62247 
    301 -> 315        0.12626 
    301 -> 318       -0.10139 
Excited State  21:      Singlet-B      2.6054 eV  475.88 nm  f=0.0634  <S**2>=0.000 
    300 -> 314        0.13472 
    300 -> 315       -0.30641 
    302 -> 314       -0.21357 
    302 -> 315        0.44197 
    303 -> 316        0.13649 
    304 -> 315       -0.16504 
    305 -> 314       -0.15128 
Excited State  22:      Singlet-A      2.6129 eV  474.52 nm  f=0.0015  <S**2>=0.000 
    302 -> 316        0.12152 
    303 -> 314       -0.25979 
    303 -> 315        0.57653 
    303 -> 319        0.10284 
Excited State  23:      Singlet-A      2.6750 eV  463.50 nm  f=0.0237  <S**2>=0.000 
    303 -> 314       -0.11436 
    304 -> 316       -0.12270 
    310 -> 318        0.15506 
    311 -> 319        0.14116 
    312 -> 317       -0.12631 
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    313 -> 316        0.54962 
Excited State  24:      Singlet-B      2.7462 eV  451.48 nm  f=0.1624  <S**2>=0.000 
    300 -> 314       -0.23351 
    300 -> 315       -0.13331 
    302 -> 314        0.51356 
    302 -> 315        0.23568 
    304 -> 314       -0.17930 
    305 -> 314        0.10173 
    305 -> 315        0.17187 
Excited State  25:      Singlet-A      2.7547 eV  450.08 nm  f=0.0016  <S**2>=0.000 
    303 -> 314        0.58253 
    303 -> 315        0.24258 
    313 -> 317        0.16732 
Excited State  26:      Singlet-B      2.7601 eV  449.20 nm  f=0.1463  <S**2>=0.000 
    302 -> 315       -0.18985 
    304 -> 315       -0.18387 
    305 -> 314       -0.18996 
    309 -> 314        0.12782 
    309 -> 318        0.11960 
    310 -> 316        0.20944 
    310 -> 317        0.15409 
    311 -> 316        0.16265 
    311 -> 317        0.13382 
    312 -> 318       -0.11472 
    313 -> 318        0.32674 
    313 -> 319        0.10921 
Excited State  27:      Singlet-A      2.7644 eV  448.50 nm  f=0.0009  <S**2>=0.000 
    303 -> 314       -0.25200 
    303 -> 315       -0.16872 
89 
 
    304 -> 317       -0.13856 
    309 -> 316        0.15208 
    310 -> 319        0.18884 
    311 -> 318        0.18876 
    311 -> 319       -0.10028 
    312 -> 316       -0.22764 
    313 -> 317        0.33962 
Excited State  28:      Singlet-B      2.7750 eV  446.79 nm  f=0.0167  <S**2>=0.000 
    300 -> 314        0.11629 
    302 -> 314       -0.11414 
    304 -> 319       -0.13493 
    308 -> 324        0.10339 
    310 -> 316       -0.16191 
    310 -> 317        0.16363 
    311 -> 316        0.24800 
    311 -> 317       -0.16864 
    312 -> 315       -0.12372 
    312 -> 318       -0.10879 
    312 -> 319        0.18436 
    313 -> 318       -0.12056 
    313 -> 319        0.32252 
Excited State  29:      Singlet-B      2.7862 eV  445.00 nm  f=0.1473  <S**2>=0.000 
    300 -> 315        0.43470 
    302 -> 314       -0.10316 
    302 -> 315        0.36936 
    304 -> 315        0.12516 
    305 -> 314        0.12374 
    305 -> 315       -0.11671 
    310 -> 316        0.12335 
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    313 -> 318        0.12122 
Excited State  30:      Singlet-A      2.7955 eV  443.51 nm  f=0.0012  <S**2>=0.000 
    301 -> 314       -0.15770 
    301 -> 315        0.68196 
Excited State  31:      Singlet-B      2.8581 eV  433.81 nm  f=0.6589  <S**2>=0.000 
    298 -> 315       -0.10704 
    300 -> 314        0.25429 
    300 -> 315       -0.25400 
    302 -> 315       -0.12425 
    304 -> 314       -0.14157 
    304 -> 315        0.21554 
    305 -> 314        0.31156 
    312 -> 314       -0.15171 
    313 -> 315        0.17406 
Excited State  32:      Singlet-A      2.8761 eV  431.08 nm  f=0.0153  <S**2>=0.000 
    304 -> 324        0.10273 
    305 -> 316        0.13156 
    306 -> 318       -0.22762 
    306 -> 326       -0.10980 
    307 -> 317       -0.18273 
    308 -> 319        0.15065 
    309 -> 316        0.26707 
    309 -> 317        0.14451 
    310 -> 318        0.11583 
    310 -> 322       -0.15038 
    311 -> 323       -0.12998 
    312 -> 316        0.17302 
    312 -> 321        0.11029 
    313 -> 324       -0.12793 
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Excited State  33:      Singlet-B      2.8790 eV  430.65 nm  f=0.1823  <S**2>=0.000 
    300 -> 315        0.11308 
    304 -> 314       -0.13945 
    305 -> 315        0.14664 
    306 -> 316        0.26198 
    306 -> 317        0.21072 
    306 -> 325        0.10926 
    307 -> 318        0.16276 
    308 -> 316       -0.19385 
    309 -> 318       -0.19055 
    309 -> 319       -0.11234 
    310 -> 321        0.13118 
    311 -> 324        0.11154 
    313 -> 323        0.10016 
Excited State  34:      Singlet-A      2.8869 eV  429.48 nm  f=0.0010  <S**2>=0.000 
    304 -> 321       -0.10769 
    305 -> 317       -0.10175 
    306 -> 318        0.11125 
    306 -> 319        0.13642 
    307 -> 316        0.35185 
    307 -> 328       -0.11743 
    308 -> 315       -0.12053 
    308 -> 318       -0.16444 
    308 -> 319        0.18809 
    308 -> 326       -0.11142 
    309 -> 317       -0.14822 
    310 -> 323        0.15054 
    311 -> 322        0.13918 
    312 -> 317       -0.13381 
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    312 -> 324       -0.12962 
    313 -> 321        0.13739 
Excited State  35:      Singlet-B      2.8934 eV  428.51 nm  f=0.0768  <S**2>=0.000 
    300 -> 315       -0.12199 
    305 -> 314        0.11626 
    306 -> 316        0.20329 
    307 -> 315       -0.10010 
    307 -> 319        0.22364 
    307 -> 327       -0.12065 
    308 -> 316        0.25031 
    308 -> 317       -0.22478 
    308 -> 325       -0.11553 
    310 -> 324        0.13306 
    311 -> 321        0.13802 
    312 -> 323       -0.13777 
Excited State  36:      Singlet-B      2.9170 eV  425.04 nm  f=0.6902  <S**2>=0.000 
    300 -> 314        0.16274 
    300 -> 315        0.23757 
    304 -> 314       -0.18174 
    304 -> 315       -0.14383 
    305 -> 315        0.36092 
    308 -> 316        0.11949 
    309 -> 315       -0.11130 
    311 -> 316       -0.11204 
    312 -> 315       -0.13676 
    313 -> 314       -0.19745 
Excited State  37:      Singlet-A      3.0068 eV  412.35 nm  f=0.0394  <S**2>=0.000 
    304 -> 316        0.20182 
    306 -> 318       -0.10337 
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    307 -> 317       -0.13597 
    308 -> 319        0.11557 
    309 -> 317       -0.10682 
    310 -> 318       -0.19807 
    311 -> 319       -0.18719 
    312 -> 317        0.17629 
    313 -> 316        0.38356 
Excited State  38:      Singlet-A      3.0893 eV  401.33 nm  f=0.0000  <S**2>=0.000 
    299 -> 314        0.43910 
    299 -> 315        0.53047 
Excited State  39:      Singlet-A      3.0959 eV  400.48 nm  f=0.0001  <S**2>=0.000 
    309 -> 316       -0.14561 
    312 -> 316        0.22971 
    313 -> 317        0.56085 
Excited State  40:      Singlet-B      3.1083 eV  398.88 nm  f=0.0031  <S**2>=0.000 
    298 -> 315       -0.12973 
    310 -> 316       -0.24750 
    313 -> 318        0.55056 
Excited State  41:      Singlet-B      3.1272 eV  396.47 nm  f=0.0500  <S**2>=0.000 
    311 -> 316       -0.24236 
    313 -> 319        0.56567 
Excited State  42:      Singlet-A      3.1340 eV  395.60 nm  f=0.0003  <S**2>=0.000 
    300 -> 317        0.18372 
    300 -> 325        0.10207 
    301 -> 314        0.12356 
    301 -> 318        0.12908 
    302 -> 316        0.23723 
    302 -> 328       -0.10834 
    303 -> 315       -0.19133 
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    303 -> 318       -0.11875 
    303 -> 319        0.20676 
    303 -> 327       -0.10023 
    304 -> 321       -0.10819 
    307 -> 316       -0.10169 
    310 -> 323        0.14994 
    311 -> 322        0.13874 
    312 -> 316       -0.11348 
    312 -> 324       -0.12807 
    313 -> 321        0.14068 
Excited State  43:      Singlet-B      3.1342 eV  395.58 nm  f=0.0079  <S**2>=0.000 
    300 -> 314        0.18346 
    300 -> 318        0.19729 
    301 -> 316        0.23473 
    301 -> 317        0.20097 
    301 -> 325        0.11723 
    301 -> 328       -0.10119 
    302 -> 314        0.11605 
    302 -> 318        0.14023 
    306 -> 316       -0.11227 
    309 -> 322        0.13624 
    310 -> 316        0.10564 
    310 -> 321        0.13806 
    310 -> 324        0.11405 
    311 -> 321        0.10287 
    313 -> 318       -0.11468 
    313 -> 322        0.13067 
Excited State  44:      Singlet-A      3.1371 eV  395.22 nm  f=0.0081  <S**2>=0.000 
    300 -> 316        0.21780 
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    301 -> 314        0.16371 
    301 -> 318        0.20629 
    301 -> 326        0.10423 
    302 -> 317        0.18215 
    302 -> 325        0.10059 
    303 -> 315        0.10613 
    303 -> 319       -0.13522 
    304 -> 324       -0.11019 
    309 -> 316        0.16575 
    309 -> 321        0.13536 
    310 -> 322        0.18334 
    311 -> 323        0.14832 
    312 -> 321       -0.11675 
    313 -> 324        0.13886 
Excited State  45:      Singlet-B      3.1387 eV  395.02 nm  f=0.0003  <S**2>=0.000 
    300 -> 315        0.13306 
    300 -> 319       -0.13291 
    302 -> 315       -0.18477 
    302 -> 318       -0.10440 
    302 -> 319        0.20748 
    302 -> 327       -0.10297 
    303 -> 316        0.23713 
    303 -> 317       -0.21309 
    303 -> 325       -0.11082 
    303 -> 328       -0.11078 
    304 -> 323        0.10254 
    308 -> 316       -0.10228 
    310 -> 324        0.10630 
    311 -> 316       -0.10367 
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    311 -> 321        0.12013 
    311 -> 324       -0.12523 
    312 -> 323       -0.14180 
    313 -> 323       -0.11995 
Excited State  46:      Singlet-A      3.1743 eV  390.59 nm  f=0.0000  <S**2>=0.000 
    299 -> 314        0.53595 
    299 -> 315       -0.43006 
Excited State  47:      Singlet-B      3.1958 eV  387.96 nm  f=0.1262  <S**2>=0.000 
    298 -> 314        0.67147 
Excited State  48:      Singlet-B      3.2320 eV  383.61 nm  f=0.1629  <S**2>=0.000 
    298 -> 314       -0.13051 
    298 -> 315        0.65555 
Excited State  49:      Singlet-A      3.2458 eV  381.98 nm  f=0.0007  <S**2>=0.000 
    300 -> 324       -0.12803 
    302 -> 321       -0.15443 
    303 -> 315       -0.10357 
    303 -> 322       -0.10114 
    303 -> 323        0.18492 
    305 -> 324        0.10491 
    306 -> 322       -0.12503 
    307 -> 321       -0.18017 
    307 -> 324        0.10987 
    308 -> 323        0.21959 
    309 -> 316        0.10914 
    313 -> 320        0.33409 
Excited State  50:      Singlet-B      3.2501 eV  381.48 nm  f=0.0056  <S**2>=0.000 
    298 -> 315        0.10703 
    300 -> 323       -0.13497 
    302 -> 322       -0.12147 
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    302 -> 323        0.20088 
    303 -> 321       -0.19009 
    303 -> 324        0.20871 
    305 -> 323        0.10977 
    307 -> 322       -0.12856 
    307 -> 323        0.21551 
    308 -> 316        0.15694 
    308 -> 321       -0.18984 
    308 -> 324        0.21299 
    312 -> 323        0.11412 
Excited State  51:      Singlet-A      3.2519 eV  381.27 nm  f=0.0001  <S**2>=0.000 
    295 -> 314       -0.13267 
    300 -> 321        0.19291 
    301 -> 314        0.10043 
    301 -> 322        0.18816 
    301 -> 323        0.12087 
    302 -> 324        0.18107 
    303 -> 323        0.13543 
    305 -> 321       -0.12218 
    306 -> 322        0.17745 
    306 -> 323        0.15247 
    307 -> 316        0.15214 
    307 -> 324        0.18093 
    308 -> 322       -0.14479 
    309 -> 321       -0.16505 
    312 -> 316       -0.14676 
    313 -> 320       -0.16480 
Excited State  52:      Singlet-B      3.2543 eV  380.99 nm  f=0.0002  <S**2>=0.000 
    294 -> 314       -0.14439 
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    300 -> 322        0.20336 
    300 -> 323        0.10986 
    301 -> 321        0.21749 
    301 -> 324        0.18611 
    302 -> 322        0.13895 
    305 -> 322       -0.10776 
    306 -> 316        0.13462 
    306 -> 321        0.21344 
    306 -> 324        0.18684 
    307 -> 322        0.12858 
    309 -> 322       -0.20844 
    309 -> 323       -0.11695 
    310 -> 316        0.10913 
    311 -> 316        0.11013 
Excited State  53:      Singlet-A      3.2756 eV  378.51 nm  f=0.0007  <S**2>=0.000 
    293 -> 314        0.13589 
    300 -> 324        0.13641 
    301 -> 322        0.15321 
    302 -> 321        0.14144 
    303 -> 323       -0.11347 
    304 -> 316       -0.10126 
    306 -> 322        0.12195 
    313 -> 320        0.51688 
Excited State  54:      Singlet-A      3.3384 eV  371.39 nm  f=0.0090  <S**2>=0.000 
    295 -> 314        0.63177 
    297 -> 314        0.19295 
    312 -> 316       -0.10999 
Excited State  55:      Singlet-B      3.3415 eV  371.05 nm  f=0.0002  <S**2>=0.000 
    294 -> 314        0.63344 
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    296 -> 314        0.21247 
Excited State  56:      Singlet-A      3.3503 eV  370.07 nm  f=0.0083  <S**2>=0.000 
    295 -> 314       -0.18941 
    297 -> 314        0.61460 
    297 -> 315       -0.22359 
Excited State  57:      Singlet-B      3.3556 eV  369.48 nm  f=0.0001  <S**2>=0.000 
    294 -> 314       -0.18850 
    296 -> 314        0.59018 
    296 -> 315       -0.29205 
    311 -> 316       -0.10231 
Excited State  58:      Singlet-A      3.3593 eV  369.08 nm  f=0.0000  <S**2>=0.000 
    293 -> 314        0.17191 
    295 -> 314       -0.12806 
    297 -> 315        0.46372 
    305 -> 316        0.17530 
    309 -> 316       -0.10421 
    312 -> 316       -0.34389 
Excited State  59:      Singlet-B      3.3768 eV  367.16 nm  f=0.0031  <S**2>=0.000 
    296 -> 314        0.31494 
    296 -> 315        0.58626 
    310 -> 316       -0.10341 
    311 -> 316        0.11745 
Excited State  60:      Singlet-A      3.3821 eV  366.59 nm  f=0.0052  <S**2>=0.000 
    293 -> 314       -0.15981 
    295 -> 315       -0.11406 
    297 -> 314        0.24081 
    297 -> 315        0.43997 
    307 -> 316        0.10092 
    309 -> 316        0.12139 
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    311 -> 319       -0.10283 
    312 -> 316        0.28394 
    312 -> 317        0.11472 
Excited State  61:      Singlet-B      3.3924 eV  365.48 nm  f=0.0046  <S**2>=0.000 
    296 -> 315       -0.18275 
    308 -> 316        0.22613 
    310 -> 316       -0.24318 
    310 -> 317       -0.16041 
    311 -> 316        0.37791 
    311 -> 317        0.19491 
    312 -> 318        0.13517 
    312 -> 319       -0.24376 
Excited State  62:      Singlet-A      3.3992 eV  364.74 nm  f=0.0034  <S**2>=0.000 
    293 -> 314       -0.19172 
    295 -> 315        0.66001 
Excited State  63:      Singlet-A      3.4049 eV  364.14 nm  f=0.0031  <S**2>=0.000 
    293 -> 314       -0.11238 
    306 -> 318        0.14041 
    307 -> 316       -0.28202 
    309 -> 316        0.43796 
    309 -> 317       -0.17916 
    310 -> 318       -0.11212 
    310 -> 319       -0.13232 
    311 -> 318       -0.14931 
    312 -> 316       -0.12366 
Excited State  64:      Singlet-B      3.4053 eV  364.09 nm  f=0.0059  <S**2>=0.000 
    294 -> 314       -0.10971 
    294 -> 315        0.52193 
    306 -> 316       -0.14105 
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    309 -> 318       -0.13623 
    310 -> 316        0.25516 
    310 -> 317       -0.15215 
    311 -> 316        0.16586 
    311 -> 317       -0.11377 
Excited State  65:      Singlet-B      3.4078 eV  363.83 nm  f=0.0012  <S**2>=0.000 
    294 -> 315        0.46018 
    306 -> 316        0.18979 
    309 -> 318        0.16905 
    310 -> 316       -0.29749 
    310 -> 317        0.16174 
    311 -> 316       -0.16806 
    311 -> 317        0.13681 
Excited State  66:      Singlet-B      3.4211 eV  362.41 nm  f=0.0014  <S**2>=0.000 
    306 -> 316       -0.30616 
    306 -> 317        0.20455 
    307 -> 318        0.16927 
    308 -> 316        0.40223 
    310 -> 317        0.10752 
    311 -> 316       -0.17788 
    312 -> 318       -0.12992 
Excited State  67:      Singlet-B      3.4235 eV  362.15 nm  f=0.0018  <S**2>=0.000 
    306 -> 316        0.40023 
    307 -> 319       -0.18418 
    308 -> 316        0.30950 
    308 -> 317        0.21300 
    310 -> 316        0.17218 
    311 -> 317       -0.13839 
Excited State  68:      Singlet-A      3.4244 eV  362.06 nm  f=0.0015  <S**2>=0.000 
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    293 -> 315        0.11040 
    307 -> 316        0.45305 
    308 -> 318        0.12369 
    308 -> 319       -0.14815 
    309 -> 316        0.21288 
    310 -> 319       -0.13198 
    311 -> 318       -0.15376 
    312 -> 316       -0.10426 
Excited State  69:      Singlet-A      3.4328 eV  361.17 nm  f=0.0275  <S**2>=0.000 
    293 -> 314        0.51234 
    293 -> 315       -0.15062 
    295 -> 315        0.16501 
    305 -> 316        0.20806 
    307 -> 317        0.10784 
    309 -> 316        0.17137 
    312 -> 316        0.13283 
    313 -> 320       -0.14514 
Excited State  70:      Singlet-A      3.4526 eV  359.11 nm  f=0.0155  <S**2>=0.000 
    293 -> 314       -0.10849 
    293 -> 315        0.39669 
    304 -> 316       -0.14660 
    305 -> 316        0.44465 
    311 -> 318        0.11701 
    312 -> 316        0.10318 
Excited State  71:      Singlet-A      3.5100 eV  353.23 nm  f=0.0159  <S**2>=0.000 
    292 -> 315        0.12333 
    293 -> 314       -0.19274 
    293 -> 315       -0.28341 
    304 -> 316        0.42258 
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    305 -> 316        0.27298 
    307 -> 317        0.12329 
    312 -> 317       -0.16773 
    313 -> 320        0.10037 
Excited State  72:      Singlet-A      3.5331 eV  350.92 nm  f=0.0071  <S**2>=0.000 
    292 -> 314        0.18495 
    293 -> 314        0.13479 
    293 -> 315        0.40525 
    304 -> 316        0.39584 
    305 -> 316       -0.18291 
Excited State  73:      Singlet-B      3.5870 eV  345.65 nm  f=0.0298  <S**2>=0.000 
    305 -> 318       -0.14194 
    307 -> 319        0.10471 
    308 -> 317       -0.10768 
    310 -> 317        0.20322 
    312 -> 318        0.58714 
    312 -> 319        0.17316 
Excited State  74:      Singlet-A      3.5878 eV  345.57 nm  f=0.0016  <S**2>=0.000 
    292 -> 314       -0.10413 
    305 -> 317       -0.18217 
    306 -> 318        0.12104 
    309 -> 317        0.11501 
    310 -> 318        0.18451 
    311 -> 319        0.19284 
    312 -> 317        0.54381 
Excited State  75:      Singlet-A      3.5995 eV  344.45 nm  f=0.0318  <S**2>=0.000 
    292 -> 314        0.39257 
    292 -> 315        0.18791 
    300 -> 316       -0.15698 
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    301 -> 318       -0.14567 
    306 -> 318       -0.15109 
    309 -> 317        0.16691 
    310 -> 318        0.11468 
    310 -> 322        0.10804 
    313 -> 321        0.17117 
    313 -> 324        0.14910 
Excited State  76:      Singlet-B      3.5997 eV  344.43 nm  f=0.0337  <S**2>=0.000 
    291 -> 314       -0.18387 
    301 -> 316        0.16480 
    301 -> 317        0.10102 
    306 -> 317        0.16021 
    307 -> 318        0.13291 
    309 -> 318       -0.16305 
    310 -> 317       -0.16050 
    311 -> 317        0.25656 
    312 -> 319        0.32959 
    313 -> 322       -0.15946 
    313 -> 323       -0.12059 
Excited State  77:      Singlet-B      3.6013 eV  344.27 nm  f=0.0031  <S**2>=0.000 
    300 -> 318       -0.10405 
    301 -> 316       -0.16566 
    306 -> 317       -0.13124 
    307 -> 319       -0.13998 
    308 -> 317        0.16581 
    309 -> 318        0.12480 
    311 -> 317        0.30813 
    311 -> 321        0.10205 
    312 -> 319        0.33817 
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    313 -> 322        0.20177 
Excited State  78:      Singlet-A      3.6038 eV  344.03 nm  f=0.0161  <S**2>=0.000 
    292 -> 314        0.29675 
    292 -> 315        0.13642 
    302 -> 316        0.15478 
    308 -> 318       -0.11620 
    308 -> 319        0.10951 
    309 -> 317       -0.13727 
    310 -> 318       -0.14791 
    310 -> 319       -0.14346 
    310 -> 323       -0.10084 
    311 -> 318        0.18840 
    311 -> 319        0.25711 
    313 -> 321       -0.19212 
Excited State  79:      Singlet-B      3.6063 eV  343.79 nm  f=0.0071  <S**2>=0.000 
    291 -> 314       -0.15093 
    302 -> 319        0.13409 
    303 -> 316        0.23392 
    303 -> 317       -0.14395 
    307 -> 318       -0.13633 
    307 -> 319        0.11789 
    308 -> 317       -0.17848 
    311 -> 324        0.12897 
    312 -> 318       -0.16717 
    312 -> 319        0.18233 
    313 -> 322       -0.10619 
    313 -> 323        0.25675 
Excited State  80:      Singlet-A      3.6080 eV  343.64 nm  f=0.0047  <S**2>=0.000 
    292 -> 315       -0.10525 
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    302 -> 316       -0.11260 
    308 -> 318        0.11334 
    310 -> 318       -0.28423 
    310 -> 319       -0.14015 
    311 -> 318        0.46804 
    311 -> 319        0.16773 
    313 -> 321        0.10763 
 
 
Supporting Information Table S3. TDDFT-predicted energies, oscillator strengths, 
and expansion coefficients of the most stable atropisomer of complex 2. 
 
Excitation energies and oscillator strengths: 
Excited State   1:      Singlet-B      1.8728 eV  662.01 nm  f=0.2014  <S**2>=0.000 
    319 -> 329        0.11083 
    326 -> 329       -0.21114 
    327 -> 328        0.65272 
This state for optimization and/or second-order correction. 
Total Energy, E(TD-HF/TD-KS) =  -9976.51304485     
Copying the excited state density for this state as the 1-particle RhoCI density. 
Excited State   2:      Singlet-B      1.8764 eV  660.77 nm  f=0.1975  <S**2>=0.000 
    319 -> 328       -0.11201 
    326 -> 328        0.21842 
    327 -> 329        0.65161 
Excited State   3:      Singlet-A      2.2003 eV  563.48 nm  f=0.0378  <S**2>=0.000 
    320 -> 328       -0.19578 
    322 -> 329       -0.15726 
    324 -> 328        0.41806 
    324 -> 329       -0.17657 
    325 -> 328       -0.17451 
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    325 -> 329       -0.38991 
Excited State   4:      Singlet-A      2.2111 eV  560.73 nm  f=0.0003  <S**2>=0.000 
    320 -> 328       -0.23066 
    320 -> 329        0.17959 
    322 -> 328        0.13461 
    324 -> 328        0.22702 
    324 -> 329       -0.26667 
    325 -> 328        0.36981 
    325 -> 329        0.30046 
Excited State   5:      Singlet-B      2.2149 eV  559.78 nm  f=0.0151  <S**2>=0.000 
    319 -> 329       -0.29056 
    321 -> 328        0.38998 
    321 -> 329        0.15185 
    323 -> 328        0.12059 
    323 -> 329        0.24575 
    326 -> 329       -0.34902 
Excited State   6:      Singlet-B      2.2176 eV  559.09 nm  f=0.0153  <S**2>=0.000 
    319 -> 328       -0.35143 
    321 -> 328       -0.16327 
    321 -> 329        0.39024 
    323 -> 328       -0.21887 
    323 -> 329        0.10493 
    326 -> 328       -0.31098 
Excited State   7:      Singlet-A      2.2195 eV  558.62 nm  f=0.0000  <S**2>=0.000 
    320 -> 329        0.13509 
    322 -> 328        0.35076 
    322 -> 329        0.51183 
    325 -> 328       -0.10784 
    325 -> 329       -0.19573 
Excited State   8:      Singlet-A      2.2225 eV  557.85 nm  f=0.0014  <S**2>=0.000 
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    320 -> 328        0.47951 
    320 -> 329       -0.28232 
    322 -> 329        0.13571 
    324 -> 328        0.28778 
    324 -> 329       -0.20242 
Excited State   9:      Singlet-B      2.2364 eV  554.40 nm  f=0.0256  <S**2>=0.000 
    318 -> 329        0.15492 
    319 -> 328       -0.15646 
    321 -> 328       -0.24104 
    323 -> 328        0.58672 
Excited State  10:      Singlet-B      2.2426 eV  552.85 nm  f=0.0232  <S**2>=0.000 
    318 -> 328        0.15912 
    319 -> 329        0.20002 
    321 -> 328       -0.12018 
    321 -> 329       -0.25860 
    323 -> 328       -0.10078 
    323 -> 329        0.55067 
Excited State  11:      Singlet-A      2.2941 eV  540.45 nm  f=0.0004  <S**2>=0.000 
    320 -> 328        0.10199 
    324 -> 328       -0.24805 
    324 -> 329       -0.21779 
    325 -> 328        0.45972 
    325 -> 329       -0.39264 
Excited State  12:      Singlet-A      2.3070 eV  537.43 nm  f=0.0018  <S**2>=0.000 
    322 -> 329        0.10725 
    324 -> 328        0.28809 
    324 -> 329        0.53604 
    325 -> 328        0.31018 
    325 -> 329       -0.13086 
Excited State  13:      Singlet-B      2.3290 eV  532.36 nm  f=0.0182  <S**2>=0.000 
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    318 -> 329       -0.10738 
    319 -> 328       -0.26297 
    319 -> 329        0.17570 
    321 -> 328        0.36016 
    321 -> 329       -0.29092 
    323 -> 328        0.13560 
    326 -> 328       -0.33250 
    326 -> 329        0.17339 
Excited State  14:      Singlet-B      2.3376 eV  530.39 nm  f=0.0185  <S**2>=0.000 
    318 -> 328       -0.11492 
    319 -> 328        0.17913 
    319 -> 329        0.31723 
    321 -> 328        0.26682 
    321 -> 329        0.35275 
    323 -> 328        0.10210 
    323 -> 329        0.18698 
    326 -> 328        0.14322 
    326 -> 329        0.29690 
Excited State  15:      Singlet-A      2.3384 eV  530.21 nm  f=0.0004  <S**2>=0.000 
    320 -> 328        0.12794 
    320 -> 329       -0.12019 
    322 -> 328        0.58104 
    322 -> 329       -0.34543 
Excited State  16:      Singlet-A      2.3442 eV  528.90 nm  f=0.0005  <S**2>=0.000 
    320 -> 328        0.35250 
    320 -> 329        0.58240 
    322 -> 329       -0.16671 
Excited State  17:      Singlet-B      2.4073 eV  515.04 nm  f=0.0083  <S**2>=0.000 
    318 -> 328        0.55598 
    318 -> 329       -0.12032 
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    319 -> 328        0.13838 
    319 -> 329        0.22461 
    321 -> 329        0.15240 
    323 -> 328        0.12175 
    323 -> 329       -0.17068 
    326 -> 329       -0.13176 
Excited State  18:      Singlet-B      2.4107 eV  514.31 nm  f=0.0095  <S**2>=0.000 
    318 -> 328        0.12377 
    318 -> 329        0.55772 
    319 -> 328       -0.23078 
    319 -> 329        0.12066 
    321 -> 328        0.15919 
    323 -> 328       -0.12748 
    323 -> 329       -0.14099 
    326 -> 328        0.15518 
Excited State  19:      Singlet-B      2.6199 eV  473.25 nm  f=0.1577  <S**2>=0.000 
    313 -> 328        0.38253 
    315 -> 328        0.18684 
    316 -> 328        0.13791 
    316 -> 329       -0.27293 
    318 -> 328       -0.19758 
    319 -> 328        0.10674 
    319 -> 329        0.24487 
    326 -> 328       -0.10079 
    326 -> 329       -0.23352 
Excited State  20:      Singlet-B      2.6212 eV  473.00 nm  f=0.1610  <S**2>=0.000 
    313 -> 329        0.38691 
    315 -> 328        0.25325 
    316 -> 328        0.14251 
    316 -> 329        0.17913 
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    318 -> 329       -0.20535 
    319 -> 328       -0.24638 
    319 -> 329        0.10349 
    326 -> 328        0.23807 
Excited State  21:      Singlet-A      2.6555 eV  466.89 nm  f=0.0135  <S**2>=0.000 
    314 -> 328        0.30861 
    314 -> 329       -0.18696 
    317 -> 328       -0.16635 
    317 -> 329       -0.26485 
    323 -> 331       -0.10969 
    324 -> 332       -0.10730 
    327 -> 330        0.36466 
Excited State  22:      Singlet-A      2.6670 eV  464.88 nm  f=0.0000  <S**2>=0.000 
    314 -> 328        0.33174 
    314 -> 329       -0.21734 
    315 -> 330        0.13813 
    317 -> 328        0.26437 
    317 -> 329        0.39399 
Excited State  23:      Singlet-B      2.6764 eV  463.25 nm  f=0.0112  <S**2>=0.000 
    313 -> 329       -0.17855 
    315 -> 329       -0.31417 
    316 -> 328        0.43181 
    316 -> 329        0.26520 
    317 -> 330       -0.12723 
Excited State  24:      Singlet-B      2.6772 eV  463.10 nm  f=0.0134  <S**2>=0.000 
    313 -> 328       -0.26723 
    314 -> 330        0.13179 
    315 -> 328        0.35103 
    315 -> 329       -0.28177 
    316 -> 329       -0.33976 
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Excited State  25:      Singlet-A      2.6886 eV  461.15 nm  f=0.0118  <S**2>=0.000 
    314 -> 328       -0.28409 
    314 -> 329        0.13159 
    317 -> 328        0.10516 
    317 -> 329        0.23504 
    318 -> 330       -0.11221 
    323 -> 331       -0.11164 
    324 -> 332       -0.11442 
    325 -> 333       -0.10841 
    327 -> 330        0.44290 
Excited State  26:      Singlet-A      2.7655 eV  448.33 nm  f=0.0000  <S**2>=0.000 
    318 -> 331       -0.15845 
    321 -> 338       -0.10041 
    323 -> 330       -0.28278 
    324 -> 332        0.21402 
    325 -> 329        0.10041 
    325 -> 333       -0.21999 
    327 -> 331        0.40574 
Excited State  27:      Singlet-B      2.7809 eV  445.85 nm  f=0.0066  <S**2>=0.000 
    313 -> 328       -0.14889 
    318 -> 328       -0.12293 
    318 -> 332       -0.15149 
    320 -> 335       -0.10776 
    321 -> 336       -0.10044 
    323 -> 328        0.10161 
    323 -> 332        0.21593 
    324 -> 330       -0.28378 
    324 -> 331        0.22579 
    327 -> 332        0.36975 
Excited State  28:      Singlet-B      2.7826 eV  445.56 nm  f=0.0044  <S**2>=0.000 
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    313 -> 329        0.11678 
    315 -> 329        0.10883 
    318 -> 329        0.11994 
    318 -> 333       -0.14837 
    321 -> 337        0.10467 
    322 -> 338        0.11122 
    323 -> 333       -0.21758 
    325 -> 330       -0.28103 
    325 -> 331       -0.23559 
    327 -> 333        0.36512 
Excited State  29:      Singlet-B      2.8453 eV  435.75 nm  f=0.2334  <S**2>=0.000 
    313 -> 328        0.12706 
    315 -> 328        0.35649 
    316 -> 328       -0.34980 
    316 -> 329        0.37693 
    318 -> 329        0.12688 
    319 -> 328        0.13506 
    326 -> 328       -0.16113 
    327 -> 329        0.10555 
Excited State  30:      Singlet-B      2.8526 eV  434.63 nm  f=0.2900  <S**2>=0.000 
    313 -> 329       -0.21875 
    315 -> 328        0.25374 
    315 -> 329        0.44009 
    316 -> 328        0.26539 
    318 -> 328        0.13555 
    319 -> 329       -0.15599 
    326 -> 329        0.18493 
    327 -> 328        0.11965 
Excited State  31:      Singlet-A      2.8562 eV  434.09 nm  f=0.0006  <S**2>=0.000 
    317 -> 328        0.59786 
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    317 -> 329       -0.36043 
Excited State  32:      Singlet-A      2.8677 eV  432.35 nm  f=0.0006  <S**2>=0.000 
    314 -> 328        0.34454 
    314 -> 329        0.60483 
Excited State  33:      Singlet-A      2.8879 eV  429.33 nm  f=0.0178  <S**2>=0.000 
    318 -> 338        0.11672 
    319 -> 330        0.24288 
    320 -> 328       -0.12345 
    320 -> 332       -0.22711 
    320 -> 340        0.12119 
    321 -> 331       -0.19078 
    322 -> 333        0.14488 
    323 -> 331       -0.14121 
    323 -> 335       -0.14110 
    324 -> 332       -0.10288 
    324 -> 336       -0.17253 
    325 -> 333       -0.11673 
    325 -> 337       -0.11799 
    326 -> 330        0.22101 
    327 -> 338       -0.12691 
Excited State  34:      Singlet-B      2.8962 eV  428.09 nm  f=0.0524  <S**2>=0.000 
    313 -> 328       -0.11599 
    315 -> 329        0.12461 
    318 -> 336        0.11314 
    319 -> 332       -0.17141 
    320 -> 330        0.31084 
    320 -> 331       -0.22216 
    320 -> 339        0.11691 
    320 -> 342        0.10281 
    321 -> 328       -0.10941 
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    321 -> 332       -0.20092 
    321 -> 340        0.10601 
    322 -> 330       -0.11670 
    323 -> 336       -0.14297 
    324 -> 335       -0.16906 
    324 -> 338       -0.11930 
    326 -> 332       -0.12894 
    327 -> 336       -0.13624 
Excited State  35:      Singlet-A      2.8996 eV  427.59 nm  f=0.0006  <S**2>=0.000 
    318 -> 335        0.11890 
    319 -> 331       -0.17586 
    320 -> 332       -0.17996 
    320 -> 340        0.10480 
    321 -> 330        0.33778 
    321 -> 342        0.11289 
    322 -> 333       -0.23356 
    322 -> 341        0.13425 
    323 -> 338       -0.16014 
    324 -> 336       -0.13648 
    325 -> 337        0.18295 
    326 -> 331       -0.15490 
    327 -> 335       -0.13974 
Excited State  36:      Singlet-B      2.9003 eV  427.48 nm  f=0.0658  <S**2>=0.000 
    313 -> 329       -0.14173 
    318 -> 337       -0.11170 
    319 -> 333        0.14808 
    320 -> 330        0.10977 
    321 -> 329        0.10827 
    321 -> 333       -0.20639 
    321 -> 341        0.11224 
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    322 -> 330        0.29989 
    322 -> 331        0.22762 
    322 -> 339       -0.11021 
    322 -> 342        0.10395 
    323 -> 337       -0.14748 
    325 -> 335       -0.13012 
    325 -> 338        0.16396 
    326 -> 333        0.14825 
    327 -> 337        0.13528 
Excited State  37:      Singlet-B      2.9353 eV  422.39 nm  f=0.6266  <S**2>=0.000 
    313 -> 328        0.35162 
    313 -> 329       -0.17978 
    315 -> 329       -0.18000 
    316 -> 328       -0.14501 
    318 -> 328        0.11013 
    319 -> 328       -0.20428 
    326 -> 328        0.21704 
    326 -> 329        0.11925 
    327 -> 329       -0.17528 
    327 -> 332       -0.12475 
Excited State  38:      Singlet-B      2.9400 eV  421.71 nm  f=0.5889  <S**2>=0.000 
    313 -> 328        0.21737 
    313 -> 329        0.39833 
    315 -> 329       -0.10461 
    316 -> 328        0.12566 
    318 -> 329        0.10740 
    319 -> 329       -0.19719 
    326 -> 328       -0.11569 
    326 -> 329        0.21108 
    327 -> 328        0.16586 
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    327 -> 333        0.11895 
Excited State  39:      Singlet-A      3.0051 eV  412.58 nm  f=0.0373  <S**2>=0.000 
    318 -> 330        0.23514 
    320 -> 336       -0.10026 
    321 -> 331       -0.14669 
    322 -> 333        0.11290 
    323 -> 331        0.21149 
    324 -> 332        0.21387 
    325 -> 333        0.18626 
    327 -> 330        0.37509 
Excited State  40:      Singlet-A      3.0701 eV  403.85 nm  f=0.0001  <S**2>=0.000 
    318 -> 331        0.11562 
    323 -> 330        0.27737 
    324 -> 332       -0.11610 
    325 -> 333        0.12622 
    327 -> 331        0.56083 
Excited State  41:      Singlet-B      3.0975 eV  400.28 nm  f=0.0753  <S**2>=0.000 
    318 -> 328        0.10765 
    324 -> 330        0.24055 
    326 -> 329        0.11272 
    327 -> 332        0.55416 
Excited State  42:      Singlet-B      3.1046 eV  399.36 nm  f=0.0659  <S**2>=0.000 
    318 -> 329       -0.10261 
    325 -> 330        0.24200 
    325 -> 331        0.10075 
    326 -> 328        0.11077 
    327 -> 333        0.56019 
Excited State  43:      Singlet-A      3.1501 eV  393.59 nm  f=0.0064  <S**2>=0.000 
    313 -> 330       -0.13138 
    314 -> 328       -0.14716 
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    314 -> 332       -0.15829 
    315 -> 331       -0.16218 
    316 -> 330        0.15373 
    316 -> 331        0.10049 
    317 -> 329        0.18389 
    317 -> 333       -0.20214 
    317 -> 341        0.11276 
    318 -> 338       -0.11014 
    323 -> 335        0.16958 
    324 -> 336        0.14641 
    325 -> 337        0.17897 
    326 -> 330        0.23282 
    327 -> 334       -0.12661 
    327 -> 338        0.13259 
Excited State  44:      Singlet-A      3.1548 eV  393.00 nm  f=0.0001  <S**2>=0.000 
    313 -> 331       -0.13019 
    314 -> 328        0.18180 
    314 -> 332        0.20910 
    314 -> 340       -0.12223 
    315 -> 330       -0.20563 
    316 -> 331        0.13467 
    317 -> 329        0.15240 
    317 -> 333       -0.17808 
    317 -> 341        0.10035 
    318 -> 335        0.11737 
    321 -> 330       -0.11851 
    323 -> 338       -0.15775 
    324 -> 336       -0.18003 
    325 -> 337        0.14404 
    327 -> 335       -0.14648 
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Excited State  45:      Singlet-B      3.1567 eV  392.76 nm  f=0.0009  <S**2>=0.000 
    313 -> 329       -0.11494 
    315 -> 329       -0.11541 
    315 -> 333        0.12759 
    316 -> 329        0.19009 
    316 -> 333       -0.22010 
    316 -> 341        0.12335 
    317 -> 330        0.22480 
    317 -> 331        0.20958 
    317 -> 339       -0.10969 
    317 -> 342        0.10383 
    318 -> 337       -0.11131 
    322 -> 330       -0.11631 
    323 -> 337       -0.16286 
    325 -> 335       -0.13941 
    325 -> 338        0.17510 
    327 -> 337        0.13959 
Excited State  46:      Singlet-B      3.1581 eV  392.59 nm  f=0.0010  <S**2>=0.000 
    313 -> 328        0.16227 
    313 -> 332        0.14742 
    314 -> 330        0.22597 
    314 -> 331       -0.19771 
    314 -> 339        0.11583 
    314 -> 342        0.10065 
    315 -> 328       -0.18091 
    315 -> 332       -0.21419 
    315 -> 340        0.12480 
    318 -> 336       -0.11898 
    320 -> 330        0.13163 
    323 -> 336        0.17367 
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    324 -> 335        0.18389 
    324 -> 338        0.13348 
    327 -> 336        0.14631 
Excited State  47:      Singlet-A      3.2576 eV  380.60 nm  f=0.0036  <S**2>=0.000 
    314 -> 328       -0.12461 
    314 -> 336        0.21831 
    315 -> 335        0.15756 
    319 -> 330       -0.12394 
    319 -> 335       -0.10257 
    319 -> 338       -0.13755 
    320 -> 336       -0.24693 
    321 -> 335       -0.17781 
    324 -> 332       -0.11260 
    327 -> 334        0.32881 
Excited State  48:      Singlet-B      3.2587 eV  380.47 nm  f=0.0007  <S**2>=0.000 
    313 -> 336        0.15624 
    314 -> 330       -0.11966 
    314 -> 335       -0.22740 
    314 -> 338       -0.16545 
    315 -> 336       -0.22911 
    319 -> 336        0.21053 
    320 -> 330        0.11037 
    320 -> 335        0.23917 
    320 -> 338        0.18311 
    321 -> 336        0.20391 
    324 -> 330       -0.14795 
Excited State  49:      Singlet-A      3.2588 eV  380.46 nm  f=0.0005  <S**2>=0.000 
    313 -> 335        0.11006 
    314 -> 336       -0.13390 
    315 -> 338       -0.14893 
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    316 -> 335       -0.13994 
    316 -> 338        0.13553 
    317 -> 329        0.10998 
    317 -> 337        0.24291 
    319 -> 335        0.17948 
    320 -> 336        0.13708 
    321 -> 330        0.13748 
    321 -> 338        0.20641 
    322 -> 337        0.27083 
    323 -> 330       -0.10748 
    325 -> 333       -0.10353 
    327 -> 334        0.14245 
Excited State  50:      Singlet-B      3.2593 eV  380.41 nm  f=0.0005  <S**2>=0.000 
    315 -> 337       -0.13192 
    316 -> 337        0.22853 
    317 -> 330        0.10628 
    317 -> 335       -0.17433 
    317 -> 338        0.22039 
    319 -> 337       -0.19327 
    321 -> 337        0.22465 
    322 -> 330        0.13609 
    322 -> 335       -0.18219 
    322 -> 338        0.24286 
    325 -> 330        0.12855 
    326 -> 337       -0.11761 
Excited State  51:      Singlet-A      3.2703 eV  379.12 nm  f=0.0000  <S**2>=0.000 
    311 -> 328        0.15244 
    312 -> 329        0.14713 
    314 -> 336       -0.13947 
    315 -> 335       -0.13000 
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    316 -> 338       -0.10828 
    317 -> 337       -0.14598 
    319 -> 338        0.10823 
    320 -> 336        0.10796 
    321 -> 335        0.10087 
    322 -> 337       -0.10926 
    327 -> 334        0.51248 
Excited State  52:      Singlet-A      3.2826 eV  377.71 nm  f=0.0000  <S**2>=0.000 
    311 -> 328       -0.36427 
    311 -> 329       -0.30046 
    312 -> 328       -0.33522 
    312 -> 329        0.38990 
Excited State  53:      Singlet-A      3.3306 eV  372.26 nm  f=0.0158  <S**2>=0.000 
    311 -> 328        0.44292 
    312 -> 329        0.42304 
    326 -> 330        0.22991 
    327 -> 334       -0.15177 
Excited State  54:      Singlet-A      3.3430 eV  370.88 nm  f=0.0003  <S**2>=0.000 
    311 -> 329        0.26853 
    312 -> 328       -0.27061 
    312 -> 329       -0.13036 
    319 -> 330       -0.19881 
    326 -> 330        0.45250 
    327 -> 334        0.13633 
Excited State  55:      Singlet-B      3.3636 eV  368.61 nm  f=0.0184  <S**2>=0.000 
    308 -> 328       -0.10231 
    310 -> 328        0.68499 
Excited State  56:      Singlet-B      3.3680 eV  368.12 nm  f=0.0186  <S**2>=0.000 
    310 -> 329        0.68591 
Excited State  57:      Singlet-A      3.3970 eV  364.98 nm  f=0.0005  <S**2>=0.000 
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    305 -> 328       -0.10137 
    311 -> 328       -0.20588 
    311 -> 329       -0.29731 
    312 -> 328        0.46611 
    326 -> 330        0.27365 
Excited State  58:      Singlet-B      3.4068 eV  363.94 nm  f=0.0015  <S**2>=0.000 
    322 -> 330       -0.16079 
    323 -> 333       -0.21859 
    325 -> 330        0.50845 
    325 -> 331       -0.28924 
    325 -> 334       -0.10827 
    326 -> 333        0.14440 
Excited State  59:      Singlet-A      3.4093 eV  363.66 nm  f=0.0001  <S**2>=0.000 
    311 -> 328       -0.17741 
    311 -> 329        0.28983 
    312 -> 328        0.16759 
    312 -> 329        0.20482 
    321 -> 330        0.14195 
    323 -> 330        0.37758 
    323 -> 334       -0.10159 
    324 -> 332        0.18163 
    325 -> 333       -0.19396 
    326 -> 331        0.15944 
Excited State  60:      Singlet-B      3.4167 eV  362.87 nm  f=0.0015  <S**2>=0.000 
    306 -> 328        0.11083 
    320 -> 330        0.16598 
    323 -> 332        0.24927 
    324 -> 330        0.49044 
    324 -> 331        0.29422 
    324 -> 334       -0.10824 
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Excited State  61:      Singlet-A      3.4219 eV  362.32 nm  f=0.0002  <S**2>=0.000 
    311 -> 328       -0.20492 
    311 -> 329        0.36425 
    312 -> 328        0.19240 
    312 -> 329        0.25193 
    321 -> 330       -0.22109 
    323 -> 330       -0.28605 
    324 -> 332       -0.10009 
    325 -> 333        0.11279 
    326 -> 331       -0.16713 
Excited State  62:      Singlet-B      3.4373 eV  360.71 nm  f=0.0006  <S**2>=0.000 
    308 -> 328        0.15592 
    308 -> 329        0.21323 
    320 -> 330        0.11314 
    321 -> 333        0.16782 
    322 -> 330        0.48611 
    322 -> 331       -0.20456 
    326 -> 333       -0.14385 
Excited State  63:      Singlet-B      3.4418 eV  360.24 nm  f=0.0007  <S**2>=0.000 
    306 -> 328       -0.19728 
    306 -> 329        0.11570 
    320 -> 330        0.49205 
    320 -> 331        0.20342 
    321 -> 332        0.17686 
    322 -> 330       -0.10439 
    326 -> 332        0.17588 
Excited State  64:      Singlet-A      3.4420 eV  360.21 nm  f=0.0029  <S**2>=0.000 
    309 -> 328        0.29685 
    309 -> 329        0.36791 
    319 -> 330        0.24702 
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    321 -> 330       -0.26300 
    322 -> 333       -0.15234 
    323 -> 330        0.15197 
    324 -> 332        0.12982 
Excited State  65:      Singlet-A      3.4462 eV  359.77 nm  f=0.0040  <S**2>=0.000 
    307 -> 328        0.33828 
    307 -> 329       -0.21425 
    309 -> 328       -0.11681 
    309 -> 329       -0.10462 
    319 -> 330       -0.23987 
    320 -> 332       -0.17337 
    321 -> 330       -0.32022 
    325 -> 333       -0.11578 
    326 -> 331       -0.11637 
Excited State  66:      Singlet-B      3.4496 eV  359.42 nm  f=0.0005  <S**2>=0.000 
    308 -> 328        0.37186 
    308 -> 329        0.49371 
    322 -> 330       -0.20879 
Excited State  67:      Singlet-A      3.4500 eV  359.37 nm  f=0.0001  <S**2>=0.000 
    309 -> 328       -0.22434 
    309 -> 329       -0.37168 
    319 -> 330        0.42603 
    321 -> 331        0.10279 
Excited State  68:      Singlet-B      3.4527 eV  359.09 nm  f=0.0004  <S**2>=0.000 
    306 -> 328        0.54338 
    306 -> 329       -0.31141 
    320 -> 330        0.17285 
    324 -> 330       -0.10221 
Excited State  69:      Singlet-A      3.4532 eV  359.05 nm  f=0.0004  <S**2>=0.000 
    307 -> 328        0.48304 
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    307 -> 329       -0.25631 
    309 -> 329        0.13454 
    319 -> 330        0.15703 
    321 -> 330        0.23850 
    324 -> 332       -0.10098 
    325 -> 333        0.10273 
Excited State  70:      Singlet-A      3.4780 eV  356.49 nm  f=0.0003  <S**2>=0.000 
    309 -> 328        0.55612 
    309 -> 329       -0.40455 
Excited State  71:      Singlet-B      3.4808 eV  356.19 nm  f=0.0013  <S**2>=0.000 
    308 -> 328        0.55701 
    308 -> 329       -0.41517 
Excited State  72:      Singlet-A      3.4862 eV  355.64 nm  f=0.0002  <S**2>=0.000 
    307 -> 328        0.34298 
    307 -> 329        0.59876 
Excited State  73:      Singlet-B      3.4879 eV  355.47 nm  f=0.0014  <S**2>=0.000 
    306 -> 328        0.35106 
    306 -> 329        0.60624 
Excited State  74:      Singlet-A      3.5114 eV  353.09 nm  f=0.0087  <S**2>=0.000 
    318 -> 330        0.58674 
    320 -> 332        0.11309 
    321 -> 331        0.18117 
    322 -> 333       -0.12043 
    323 -> 331       -0.16657 
    324 -> 332       -0.14407 
    325 -> 333       -0.11510 
Excited State  75:      Singlet-A      3.5307 eV  351.16 nm  f=0.0000  <S**2>=0.000 
    319 -> 331       -0.27258 
    320 -> 332       -0.12222 
    322 -> 333       -0.10792 
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    325 -> 333        0.10480 
    326 -> 331        0.58236 
Excited State  76:      Singlet-B      3.5539 eV  348.86 nm  f=0.0588  <S**2>=0.000 
    319 -> 332       -0.19002 
    320 -> 331       -0.14322 
    321 -> 332       -0.11009 
    326 -> 332        0.62846 
Excited State  77:      Singlet-B      3.5637 eV  347.91 nm  f=0.0557  <S**2>=0.000 
    319 -> 333       -0.17810 
    321 -> 333        0.12705 
    322 -> 331       -0.15295 
    323 -> 333        0.12519 
    325 -> 331        0.13054 
    326 -> 333        0.60863 
Excited State  78:      Singlet-A      3.5940 eV  344.98 nm  f=0.0004  <S**2>=0.000 
    314 -> 332        0.14420 
    315 -> 330       -0.16660 
    319 -> 331       -0.16022 
    320 -> 332       -0.15061 
    322 -> 333       -0.10811 
    324 -> 336        0.13949 
    325 -> 332        0.43627 
    327 -> 335        0.24255 
Excited State  79:      Singlet-B      3.5959 eV  344.80 nm  f=0.0087  <S**2>=0.000 
    313 -> 332       -0.11138 
    314 -> 330       -0.23736 
    314 -> 331        0.15244 
    315 -> 332        0.16218 
    318 -> 336       -0.10757 
    319 -> 332       -0.16675 
128 
 
    320 -> 331       -0.22317 
    320 -> 334        0.10275 
    321 -> 332       -0.15548 
    323 -> 336        0.12968 
    324 -> 335        0.15912 
    324 -> 338        0.12708 
    326 -> 332       -0.10266 
    327 -> 336        0.29476 
Excited State  80:      Singlet-A      3.5973 eV  344.66 nm  f=0.0017  <S**2>=0.000 
    314 -> 332       -0.12223 
    315 -> 330        0.12710 
    319 -> 331        0.13722 
    320 -> 332        0.19594 
    324 -> 336       -0.12006 
    325 -> 332        0.53086 
    327 -> 335       -0.16919 
 
 
Supporting Information Table S4. TDDFT-predicted energies, oscillator strengths, 
and expansion coefficients of the most stable atropisomer of complex 3. 
 
Excited State 1: Singlet-A 1.7290 eV 717.09 nm f=0.4870 <S**2>=0.000 
218 -> 227 0.15483  
225 -> 227 -0.14585  
226 -> 227 0.58742  
Excited State 2: Singlet-A 1.8240 eV 679.75 nm f=0.0128 <S**2>=0.000 
222 -> 227 0.46941  
222 -> 229 0.17642  
222 -> 232 -0.15378  
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222 -> 235 -0.14905  
224 -> 227 0.12743  
225 -> 227 0.28320  
225 -> 233 0.11061  
Excited State 3: Singlet-A 1.8419 eV 673.13 nm f=0.0408 <S**2>=0.000 
219 -> 227 0.36759  
219 -> 229 -0.25884  
221 -> 230 -0.12797  
222 -> 227 -0.26294  
225 -> 227 0.29482  
Excited State 4: Singlet-A 1.8512 eV 669.76 nm f=0.0237 <S**2>=0.000 
219 -> 227 0.37073  
219 -> 229 -0.18067  
219 -> 230 -0.14397  
221 -> 227 -0.18711  
221 -> 229 0.15060  
222 -> 227 0.17380  
225 -> 227 -0.28308  
Excited State 5: Singlet-A 1.9005 eV 652.39 nm f=0.0071 <S**2>=0.000 
223 -> 227 0.37126  
223 -> 228 0.10014  
223 -> 232 0.18713  
223 -> 235 -0.14219  
224 -> 227 -0.36410  
224 -> 232 -0.14998  
224 -> 234 0.11699  
224 -> 235 0.11933  
225 -> 227 0.13163  
Excited State 6: Singlet-A 1.9087 eV 649.58 nm f=0.0111 <S**2>=0.000 
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223 -> 227 0.38316  
223 -> 232 0.17853  
223 -> 234 -0.12283  
223 -> 235 -0.13320  
224 -> 227 0.30779  
224 -> 232 0.12481  
224 -> 234 0.10411  
224 -> 235 -0.11500  
225 -> 227 -0.16178  
Excited State 7: Singlet-A 1.9383 eV 639.66 nm f=0.0018 <S**2>=0.000 
218 -> 231 0.13686  
220 -> 227 0.43136  
220 -> 228 -0.35476  
220 -> 231 0.11297  
220 -> 235 -0.12394  
221 -> 227 0.19100  
221 -> 228 -0.13353  
221 -> 231 -0.13712  
226 -> 231 0.10532  
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Excited State 8: Singlet-A 1.9458 eV 637.18 nm f=0.0287 <S**2>=0.000 
218 -> 228 0.19264  
219 -> 227 0.11546  
219 -> 230 0.12892  
220 -> 227 -0.18635  
220 -> 228 0.13537  
220 -> 231 0.17430  
221 -> 227 0.38923  
221 -> 228 -0.11604  
221 -> 229 -0.14566  
221 -> 235 -0.11855  
224 -> 228 0.11664  
226 -> 228 0.12139  
Excited State 9: Singlet-A 2.1543 eV 575.51 nm f=0.3692 <S**2>=0.000 
218 -> 227 -0.28568  
218 -> 228 0.10025  
218 -> 235 0.11082  
219 -> 230 -0.15755  
220 -> 231 0.20925  
221 -> 228 -0.14441  
222 -> 233 -0.10465  
222 -> 234 0.10495  
223 -> 233 -0.12225  
223 -> 234 -0.12194  
224 -> 228 0.11620  
225 -> 232 -0.10492  
226 -> 227 0.33688  
Excited State 10: Singlet-A 2.2797 eV 543.85 nm f=0.0331 <S**2>=0.000 
217 -> 227 0.11216  
222 -> 233 0.36260  
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222 -> 234 -0.26986  
223 -> 234 -0.14184  
225 -> 227 0.32067  
225 -> 229 -0.10378  
225 -> 235 0.13713  
Excited State 11: Singlet-A 2.2889 eV 541.67 nm f=0.0010 <S**2>=0.000 
223 -> 227 0.38191  
223 -> 232 -0.14797  
223 -> 235 0.13466  
224 -> 233 -0.26507  
224 -> 234 -0.31527  
225 -> 233 0.10932  
225 -> 234 0.17114  
226 -> 233 0.11982  
226 -> 234 0.12729  
Excited State 12: Singlet-A 2.2939 eV 540.50 nm f=0.0134 <S**2>=0.000 
219 -> 230 -0.10135  
220 -> 231 0.15786  
223 -> 233 0.27314  
223 -> 234 0.32008  
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224 -> 227 0.37151  
224 -> 232 -0.10259  
224 -> 235 0.12052  
Excited State 13: Singlet-A 2.2985 eV 539.42 nm f=0.0016 <S**2>=0.000 
217 -> 233 -0.11070  
222 -> 227 -0.33529  
222 -> 229 0.12258  
222 -> 232 -0.12492  
222 -> 235 -0.14612  
224 -> 233 0.10218  
224 -> 234 -0.12436  
225 -> 233 0.36166  
225 -> 234 -0.27137  
226 -> 233 -0.10166  
Excited State 14: Singlet-A 2.3356 eV 530.84 nm f=0.0122 <S**2>=0.000 
212 -> 228 -0.14001  
212 -> 229 0.14275  
213 -> 227 -0.23642  
213 -> 229 0.23255  
213 -> 235 0.12099  
219 -> 230 0.38400  
219 -> 232 -0.11727  
220 -> 231 0.21672  
221 -> 227 -0.21291  
221 -> 230 -0.10100  
Excited State 15: Singlet-A 2.3576 eV 525.90 nm f=0.0011 <S**2>=0.000 
212 -> 231 0.15963  
213 -> 231 -0.12063  
218 -> 230 0.12161  
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218 -> 231 -0.27270  
220 -> 227 0.36377  
221 -> 231 0.29576  
221 -> 232 -0.12601  
224 -> 231 -0.14790  
226 -> 231 -0.17631  
Excited State 16: Singlet-A 2.3608 eV 525.17 nm f=0.0001 <S**2>=0.000 
212 -> 230 -0.10023  
213 -> 230 -0.18133  
218 -> 230 0.25161  
218 -> 232 -0.10783  
219 -> 227 0.29668  
219 -> 230 0.13051  
221 -> 227 -0.10943  
221 -> 230 0.36819  
221 -> 232 -0.10198  
226 -> 230 0.15979  
Excited State 17: Singlet-A 2.3926 eV 518.20 nm f=0.0858 <S**2>=0.000 
212 -> 227 0.19424  
212 -> 228 -0.21936  
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212 -> 235 -0.10947  
213 -> 228 0.17095  
218 -> 227 0.28604  
219 -> 230 -0.11653  
220 -> 231 0.33400  
220 -> 232 -0.10375  
221 -> 227 -0.10288  
Excited State 18: Singlet-A 2.4321 eV 509.78 nm f=0.0101 <S**2>=0.000 
215 -> 227 0.29861  
215 -> 229 0.20590  
215 -> 232 -0.21661  
215 -> 235 -0.20972  
225 -> 227 0.23034  
225 -> 229 -0.16155  
225 -> 232 0.15271  
225 -> 235 0.19111  
Excited State 19: Singlet-A 2.4603 eV 503.93 nm f=0.0021 <S**2>=0.000 
214 -> 227 0.20258  
214 -> 228 0.10840  
214 -> 232 0.23602  
214 -> 235 -0.17820  
216 -> 227 0.15800  
216 -> 232 0.16848  
216 -> 235 -0.12731  
223 -> 227 0.10384  
223 -> 234 -0.10997  
224 -> 227 0.21918  
224 -> 232 -0.16856  
224 -> 235 0.15941  
225 -> 232 0.11082  
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Excited State 20: Singlet-A 2.5318 eV 489.71 nm f=0.0084 <S**2>=0.000 
212 -> 228 -0.17539  
213 -> 227 -0.25875  
213 -> 229 0.17267  
213 -> 235 0.10148  
218 -> 228 -0.10456  
219 -> 227 0.10424  
219 -> 230 -0.11074  
220 -> 227 -0.11292  
221 -> 227 0.40041  
221 -> 229 0.16061  
221 -> 235 0.11069  
226 -> 228 -0.12959  
226 -> 229 0.11048  
Excited State 21: Singlet-A 2.5507 eV 486.08 nm f=0.0080 <S**2>=0.000 
212 -> 227 -0.20295  
212 -> 228 0.14864  
213 -> 228 -0.13086  
217 -> 227 0.16612  
218 -> 227 0.45892  
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219 -> 230 -0.10169  
221 -> 228 -0.12381  
Excited State 22: Singlet-A 2.5627 eV 483.81 nm f=0.0006 <S**2>=0.000 
214 -> 233 -0.20653  
214 -> 234 -0.25141  
216 -> 233 -0.19111  
216 -> 234 -0.23227  
223 -> 227 -0.20688  
223 -> 228 0.11101  
223 -> 232 0.25248  
223 -> 235 -0.20523  
224 -> 233 -0.10487  
224 -> 234 -0.12442  
Excited State 23: Singlet-A 2.5757 eV 481.36 nm f=0.0031 <S**2>=0.000 
215 -> 233 0.32444  
215 -> 234 -0.25392  
217 -> 227 0.12728  
217 -> 233 -0.13330  
217 -> 234 0.10384  
222 -> 227 0.21397  
222 -> 229 -0.19969  
222 -> 232 0.21293  
222 -> 235 0.23438  
225 -> 233 0.13789  
225 -> 234 -0.10651  
Excited State 24: Singlet-A 2.6109 eV 474.87 nm f=0.0504 <S**2>=0.000 
212 -> 231 0.12518  
213 -> 230 0.14851  
217 -> 227 0.54670  
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218 -> 227 -0.12460  
219 -> 227 0.13004  
219 -> 229 0.12447  
220 -> 227 -0.11693  
220 -> 228 -0.13810  
Excited State 25: Singlet-A 2.6212 eV 473.01 nm f=0.0114 <S**2>=0.000 
212 -> 230 0.10533  
212 -> 231 -0.29887  
213 -> 231 0.20555  
217 -> 227 0.18323  
218 -> 227 -0.12245  
220 -> 227 0.30427  
220 -> 228 0.32038  
220 -> 235 0.13266  
220 -> 240 -0.11221  
221 -> 228 0.10669  
Excited State 26: Singlet-A 2.6543 eV 467.10 nm f=0.0086 <S**2>=0.000 
212 -> 230 0.19704  
213 -> 230 0.31067  
217 -> 227 -0.28945  
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219 -> 227 0.26996  
219 -> 229 0.32152  
219 -> 235 0.14428  
Excited State 27: Singlet-A 2.9024 eV 427.18 nm f=0.1057 <S**2>=0.000 
216 -> 227 0.65493  
223 -> 234 0.12611  
Excited State 28: Singlet-A 3.0044 eV 412.67 nm f=0.0023 <S**2>=0.000 
215 -> 227 0.54990  
222 -> 233 0.21527  
222 -> 234 -0.16892  
225 -> 229 0.13940  
225 -> 232 -0.15561  
225 -> 235 -0.14779  
Excited State 29: Singlet-A 3.0652 eV 404.49 nm f=0.0485 <S**2>=0.000 
213 -> 227 -0.18334  
214 -> 227 0.56441  
219 -> 230 -0.10924  
223 -> 233 0.11505  
223 -> 234 0.14180  
224 -> 232 0.10828  
Excited State 30: Singlet-A 3.0741 eV 403.32 nm f=0.0001 <S**2>=0.000 
212 -> 227 0.20244  
213 -> 227 0.39901  
214 -> 227 0.23256  
218 -> 229 0.13667  
219 -> 230 0.27534  
221 -> 229 0.21389  
226 -> 229 0.14274  
Excited State 31: Singlet-A 3.1125 eV 398.35 nm f=0.0023 <S**2>=0.000 
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212 -> 227 0.46239  
213 -> 227 -0.22213  
218 -> 228 0.15516  
220 -> 231 -0.27508  
221 -> 228 -0.17117  
226 -> 228 0.15613  
Excited State 32: Singlet-A 3.3610 eV 368.90 nm f=0.0000 <S**2>=0.000 
212 -> 231 0.37571  
212 -> 232 -0.12306  
213 -> 231 -0.24538  
218 -> 231 0.11384  
220 -> 228 0.31900  
220 -> 235 0.10591  
221 -> 231 -0.15749  
224 -> 231 0.12369  
226 -> 231 0.22975  
Excited State 33: Singlet-A 3.3667 eV 368.26 nm f=0.0002 <S**2>=0.000 
214 -> 233 0.24210  
141 
 
214 -> 234 0.29929  
216 -> 233 0.18953  
216 -> 234 0.23411  
223 -> 228 0.10407  
223 -> 232 0.21612  
223 -> 234 -0.12042  
223 -> 235 -0.16359  
224 -> 233 -0.15333  
224 -> 234 -0.17336  
225 -> 234 0.10226  
226 -> 233 0.11608  
226 -> 234 0.12606  
Excited State 34: Singlet-A 3.3740 eV 367.47 nm f=0.0001 <S**2>=0.000 
215 -> 233 0.36643  
215 -> 234 -0.29273  
222 -> 229 0.18888  
222 -> 232 -0.18520  
222 -> 235 -0.19175  
225 -> 233 -0.24132  
225 -> 234 0.17653  
226 -> 233 0.10341  
Excited State 35: Singlet-A 3.3882 eV 365.93 nm f=0.0001 <S**2>=0.000 
212 -> 230 0.24292  
213 -> 230 0.37657  
213 -> 232 -0.11613  
218 -> 230 0.10995  
219 -> 229 -0.31531  
219 -> 235 -0.12290  
221 -> 230 0.21875  
226 -> 230 0.21116  
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Excited State 36: Singlet-A 3.4483 eV 359.55 nm f=0.0006 <S**2>=0.000 
214 -> 227 -0.22824  
214 -> 228 0.11454  
214 -> 232 0.24133  
214 -> 235 -0.20500  
216 -> 227 -0.16292  
216 -> 228 0.11195  
216 -> 232 0.23021  
216 -> 235 -0.18989  
223 -> 233 0.15382  
223 -> 234 0.18627  
224 -> 232 0.13354  
Excited State 37: Singlet-A 3.4628 eV 358.05 nm f=0.0002 <S**2>=0.000 
203 -> 227 0.13938  
210 -> 227 -0.11592  
215 -> 227 0.24703  
215 -> 229 -0.23103  
215 -> 232 0.22977  
215 -> 235 0.26259  
217 -> 229 0.10496  
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217 -> 232 -0.10356  
217 -> 235 -0.10945  
222 -> 233 -0.19568  
222 -> 234 0.15279  
225 -> 229 -0.11453  
225 -> 232 0.12127  
225 -> 235 0.10959  
Excited State 38: Singlet-A 3.4695 eV 357.35 nm f=0.0023 <S**2>=0.000 
200 -> 227 -0.10469  
201 -> 227 -0.22096  
203 -> 227 -0.38150  
206 -> 227 -0.10227  
210 -> 227 0.40757  
Excited State 39: Singlet-A 3.4897 eV 355.29 nm f=0.0063 <S**2>=0.000 
203 -> 227 -0.17708  
209 -> 227 -0.26223  
210 -> 227 -0.25684  
211 -> 227 0.54929  
Excited State 40: Singlet-A 3.5214 eV 352.09 nm f=0.1890 <S**2>=0.000 
209 -> 227 0.52523  
211 -> 227 0.28887  
212 -> 228 0.14524  
213 -> 227 -0.16331  
Excited State 41: Singlet-A 3.5326 eV 350.97 nm f=0.0188 <S**2>=0.000 
209 -> 227 -0.13752  
210 -> 227 -0.17904  
211 -> 227 -0.24042  
212 -> 227 0.29356  
212 -> 228 0.31188  
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212 -> 235 0.13106  
212 -> 240 -0.10792  
213 -> 227 -0.16395  
213 -> 228 -0.21066  
218 -> 228 -0.13168  
220 -> 231 0.17372  
221 -> 228 0.10972  
Excited State 42: Singlet-A 3.5579 eV 348.48 nm f=0.0509 <S**2>=0.000 
203 -> 227 0.14725  
209 -> 227 -0.32547  
210 -> 227 0.38989  
211 -> 227 0.12350  
212 -> 229 -0.13491  
213 -> 227 -0.18883  
213 -> 229 -0.21795  
213 -> 235 -0.11162  
219 -> 230 0.12536  
Excited State 43: Singlet-A 3.5921 eV 345.16 nm f=0.0038 <S**2>=0.000 
200 -> 227 0.13337  
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201 -> 227 0.17989  
203 -> 227 0.33580  
210 -> 227 0.22864  
211 -> 227 0.14896  
212 -> 227 0.17756  
212 -> 229 0.16086  
213 -> 227 0.17592  
213 -> 229 0.24805  
219 -> 230 -0.13731  
221 -> 229 -0.10332  
Excited State 44: Singlet-A 3.6305 eV 341.50 nm f=0.0260 <S**2>=0.000 
207 -> 227 0.24831  
208 -> 227 0.64157  
Excited State 45: Singlet-A 3.6998 eV 335.11 nm f=0.0024 <S**2>=0.000 
207 -> 227 0.65347  
208 -> 227 -0.25297  
Excited State 46: Singlet-A 3.8370 eV 323.13 nm f=0.0264 <S**2>=0.000 
203 -> 227 -0.14990  
205 -> 227 -0.17605  
206 -> 227 0.64604  
Excited State 47: Singlet-A 3.8968 eV 318.17 nm f=0.0159 <S**2>=0.000 
196 -> 227 0.14181  
204 -> 227 -0.33009  
205 -> 227 0.56554  
206 -> 227 0.16266  
Excited State 48: Singlet-A 3.9347 eV 315.11 nm f=0.1272 <S**2>=0.000 
204 -> 227 -0.24018  
205 -> 227 -0.25175  
218 -> 228 -0.18361  
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221 -> 228 0.13249  
226 -> 228 0.51342  
Excited State 49: Singlet-A 3.9549 eV 313.50 nm f=0.0735 <S**2>=0.000 
196 -> 227 -0.24015  
204 -> 227 0.47739  
205 -> 227 0.25903  
218 -> 228 -0.10361  
226 -> 228 0.30365  
Excited State 50: Singlet-A 3.9758 eV 311.85 nm f=0.0024 <S**2>=0.000 
196 -> 227 0.57201  
197 -> 227 0.13301  
199 -> 227 0.18963  
204 -> 227 0.30718  
Excited State 51: Singlet-A 4.0099 eV 309.20 nm f=0.0448 <S**2>=0.000 
201 -> 227 0.46042  
202 -> 227 0.30176  
203 -> 227 -0.24909  
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226 -> 229 -0.30222  
Excited State 52: Singlet-A 4.0156 eV 308.76 nm f=0.1086 <S**2>=0.000 
201 -> 227 0.24470  
202 -> 227 0.16735  
203 -> 227 -0.15147  
218 -> 229 -0.14059  
221 -> 229 -0.12973  
226 -> 229 0.55007  
Excited State 53: Singlet-A 4.0425 eV 306.70 nm f=0.0017 <S**2>=0.000 
212 -> 231 -0.10781  
218 -> 231 -0.24557  
221 -> 231 0.17276  
226 -> 230 -0.15493  
226 -> 231 0.55026  
226 -> 232 -0.15342  
Excited State 54: Singlet-A 4.0683 eV 304.76 nm f=0.0041 <S**2>=0.000 
201 -> 227 -0.29603  
202 -> 227 0.59752  
203 -> 227 0.17450  
Excited State 55: Singlet-A 4.0862 eV 303.42 nm f=0.0009 <S**2>=0.000 
199 -> 227 -0.13218  
218 -> 230 -0.18288  
221 -> 230 -0.17736  
226 -> 230 0.58103  
226 -> 231 0.12313  
226 -> 232 -0.11944  
Excited State 56: Singlet-A 4.1051 eV 302.02 nm f=0.0786 <S**2>=0.000 
197 -> 227 -0.10764  
200 -> 227 0.59804  
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201 -> 227 -0.14496  
226 -> 232 -0.23197  
Excited State 57: Singlet-A 4.1354 eV 299.81 nm f=0.0141 <S**2>=0.000 
196 -> 227 -0.17818  
199 -> 227 0.60046  
226 -> 230 0.12378  
226 -> 232 0.19393  
Excited State 58: Singlet-A 4.1584 eV 298.15 nm f=0.0055 <S**2>=0.000 
197 -> 227 -0.10596  
199 -> 227 -0.20749  
200 -> 227 0.23472  
224 -> 232 0.11060  
226 -> 231 0.16518  
226 -> 232 0.51622  
Excited State 59: Singlet-A 4.1924 eV 295.73 nm f=0.0001 <S**2>=0.000 
214 -> 234 -0.10218  
224 -> 233 0.14154  
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224 -> 234 0.13981  
226 -> 233 0.52344  
226 -> 234 0.35532  
Excited State 60: Singlet-A 4.2191 eV 293.86 nm f=0.0024 <S**2>=0.000 
198 -> 227 0.68845  
Excited State 61: Singlet-A 4.2415 eV 292.31 nm f=0.0010 <S**2>=0.000 
217 -> 233 0.10419  
225 -> 233 -0.12029  
226 -> 233 -0.37708  
226 -> 234 0.53203  
Excited State 62: Singlet-A 4.2569 eV 291.26 nm f=0.0258 <S**2>=0.000 
225 -> 229 -0.12207  
226 -> 235 0.63462  
Excited State 63: Singlet-A 4.3004 eV 288.31 nm f=0.0197 <S**2>=0.000 
196 -> 227 -0.14348  
197 -> 227 0.65410  
200 -> 227 0.13366  
Excited State  64: Singlet-A 4.3222 eV 286.86 nm f=0.0006 <S**2>=0.000 
226 -> 236 0.69154  
Excited State 65: Singlet-A 4.3719 eV 283.59 nm f=0.0090 <S**2>=0.000 
218 -> 228 -0.14847  
221 -> 228 0.14227  
224 -> 228 0.49051  
224 -> 232 -0.15763  
224 -> 235 0.11692  
225 -> 228 -0.35371  
Excited State 66: Singlet-A 4.4080 eV 281.27 nm f=0.0049 <S**2>=0.000 
223 -> 228 0.36598  
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224 -> 228 -0.21378  
225 -> 228 -0.29413  
225 -> 229 0.36230  
225 -> 232 0.12662  
225 -> 235 0.11079  
Excited State 67: Singlet-A 4.4131 eV 280.95 nm f=0.0012 <S**2>=0.000 
223 -> 228 0.53717  
223 -> 232 -0.14382  
224 -> 228 0.12803  
225 -> 228 0.14035  
225 -> 229 -0.27075  
Excited State 68: Singlet-A 4.4542 eV 278.35 nm f=0.0181 <S**2>=0.000 
224 -> 228 0.24266  
225 -> 228 0.48381  
225 -> 229 0.26481  
225 -> 232 0.21923  
225 -> 235 0.11304  
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Excited State 69: Singlet-A 4.5003 eV 275.50 nm f=0.0008 <S**2>=0.000 
222 -> 228 -0.27252  
222 -> 229 0.53685  
222 -> 232 0.18722  
222 -> 235 0.19194  
222 -> 241 0.10721  
Excited State 70: Singlet-A 4.5150 eV 274.60 nm f=0.0007 <S**2>=0.000 
224 -> 230 0.21676  
225 -> 230 0.62644  
225 -> 232 -0.10666  
Excited State 71: Singlet-A 4.5249 eV 274.00 nm f=0.0020 <S**2>=0.000 
224 -> 229 0.64096  
225 -> 229 -0.21769  
Excited State 72: Singlet-A 4.5333 eV 273.49 nm f=0.0006 <S**2>=0.000 
222 -> 228 0.60706  
222 -> 229 0.16172  
222 -> 232 0.14688  
226 -> 237 0.18267  
Excited State 73: Singlet-A 4.5371 eV 273.27 nm f=0.0051 <S**2>=0.000 
222 -> 228 -0.17831  
225 -> 236 -0.10204  
226 -> 237 0.60044  
Excited State 74: Singlet-A 4.5559 eV 272.14 nm f=0.0027 <S**2>=0.000 
218 -> 231 -0.13965  
224 -> 230 -0.13431  
224 -> 231 0.52064  
224 -> 232 -0.12490  
225 -> 231 -0.28137  
226 -> 238 -0.17662  
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Excited State 75: Singlet-A 4.5600 eV 271.89 nm f=0.0010 <S**2>=0.000 
224 -> 231 0.19149  
224 -> 236 -0.19969  
225 -> 236 -0.10255  
225 -> 237 -0.10784  
226 -> 238 0.57729  
Excited State 76: Singlet-A 4.5698 eV 271.31 nm f=0.0004 <S**2>=0.000 
223 -> 229 0.67981  
223 -> 232 -0.10394  
Excited State 77: Singlet-A 4.5926 eV 269.96 nm f=0.0857 <S**2>=0.000 
194 -> 227 0.11093  
195 -> 227 0.45693  
224 -> 235 0.10055  
225 -> 232 -0.12466  
226 -> 237 0.13039  
226 -> 240 -0.35145  
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Excited State 78: Singlet-A 4.6165 eV 268.57 nm f=0.0029 <S**2>=0.000 
220 -> 228 0.26832  
220 -> 232 0.12503  
220 -> 235 -0.34385  
220 -> 240 0.46779  
220 -> 242 -0.10906  
Excited State 79: Singlet-A 4.6177 eV 268.50 nm f=0.0021 <S**2>=0.000 
219 -> 228 0.63940  
219 -> 229 0.15907  
221 -> 228 -0.11950  
Excited State 80: Singlet-A 4.6207 eV 268.33 nm f=0.0000 <S**2>=0.000 
223 -> 230 -0.15470  
223 -> 231 0.65659  
223 -> 232 -0.15843  
Excited State 81: Singlet-A 4.6294 eV 267.82 nm f=0.0001 <S**2>=0.000 
222 -> 230 0.66912  
222 -> 231 0.12185  
Excited State 82: Singlet-A 4.6345 eV 267.53 nm f=0.0025 <S**2>=0.000 
195 -> 227 0.12470  
218 -> 228 0.44056  
221 -> 228 0.37814  
221 -> 229 0.14412  
225 -> 231 -0.12081  
226 -> 240 0.12540  
Excited State 83: Singlet-A 4.6370 eV 267.38 nm f=0.0093 <S**2>=0.000 
195 -> 227 0.25784  
219 -> 228 0.11466  
224 -> 231 0.16489  
224 -> 235 -0.15136  
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225 -> 231 0.39578  
225 -> 232 0.17259  
225 -> 235 -0.29751  
Excited State 84: Singlet-A 4.6428 eV 267.05 nm f=0.0026 <S**2>=0.000 
195 -> 227 0.15914  
221 -> 228 -0.10655  
224 -> 230 0.11740  
224 -> 231 -0.11268  
224 -> 234 -0.10411  
224 -> 237 0.14172  
225 -> 231 -0.27865  
225 -> 232 0.30300  
225 -> 233 -0.11462  
225 -> 235 -0.16418  
225 -> 236 0.27521  
225 -> 238 0.16200  
226 -> 239 -0.10026  
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Excited State 85: Singlet-A 4.6571 eV 266.22 nm f=0.0221 <S**2>=0.000 
195 -> 227 -0.15501  
221 -> 228 0.15948  
224 -> 230 0.28522  
224 -> 231 0.17485  
224 -> 235 0.16841  
224 -> 237 0.11522  
225 -> 230 -0.16598  
225 -> 231 0.18464  
225 -> 232 -0.10816  
225 -> 233 -0.10405  
225 -> 235 -0.10288  
225 -> 236 0.19648  
225 -> 238 0.11027  
226 -> 237 0.11056  
226 -> 240 -0.12466  
Excited State 86: Singlet-A 4.6608 eV 266.02 nm f=0.0304 <S**2>=0.000 
194 -> 227 -0.10618  
195 -> 227 -0.10258  
218 -> 229 0.11160  
221 -> 228 0.13458  
224 -> 232 0.25293  
224 -> 237 -0.11755  
225 -> 231 -0.23887  
225 -> 232 0.16065  
225 -> 235 -0.24531  
225 -> 236 -0.22915  
225 -> 238 -0.12744  
226 -> 240 -0.12533  
Excited State 87: Singlet-A 4.6726 eV 265.34 nm f=0.0039 <S**2>=0.000 
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217 -> 229 -0.14975  
217 -> 233 0.14477  
217 -> 234 -0.10544  
218 -> 229 -0.10044  
219 -> 229 -0.10187  
219 -> 232 0.11458  
219 -> 235 0.14049  
219 -> 241 -0.11244  
224 -> 230 0.42963  
225 -> 230 -0.13964  
225 -> 232 0.12376  
225 -> 233 0.13568  
225 -> 236 -0.12145  
Excited State 88: Singlet-A 4.6777 eV 265.05 nm f=0.0383 <S**2>=0.000 
194 -> 227 0.15021  
195 -> 227 0.11415  
217 -> 229 0.14476  
217 -> 233 -0.15906  
217 -> 234 0.11429  
219 -> 228 -0.10895  
219 -> 232 -0.11652  
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219 -> 235 -0.13673  
219 -> 241 0.10979  
220 -> 229 0.15996  
224 -> 230 0.25005  
224 -> 232 -0.17720  
225 -> 234 0.13817  
225 -> 236 -0.13474  
226 -> 238 -0.11074  
Excited State 89: Singlet-A 4.6802 eV 264.91 nm f=0.0009 <S**2>=0.000 
220 -> 229 0.64663  
220 -> 232 0.15551  
221 -> 229 0.10608  
Excited State 90: Singlet-A 4.6864 eV 264.56 nm f=0.0012 <S**2>=0.000 
223 -> 230 -0.17713  
223 -> 233 -0.18121  
223 -> 234 0.19186  
223 -> 235 -0.10107  
223 -> 236 0.39039  
223 -> 237 -0.28812  
223 -> 238 0.22826  
223 -> 239 -0.13007  
224 -> 236 -0.12739  
Excited State 91: Singlet-A 4.6948 eV 264.09 nm f=0.0027 <S**2>=0.000 
222 -> 231 0.26724  
222 -> 232 0.39526  
222 -> 235 -0.35021  
222 -> 236 -0.11632  
222 -> 240 -0.12326  
222 -> 241 -0.11510  
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222 -> 242 -0.12900  
224 -> 235 -0.10035  
Excited State 92: Singlet-A 4.7004 eV 263.77 nm f=0.0040 <S**2>=0.000 
223 -> 236 -0.12845  
224 -> 230 -0.13140  
224 -> 233 0.26069  
224 -> 236 -0.24128  
224 -> 237 0.10782  
224 -> 238 -0.12428  
225 -> 234 0.27977  
225 -> 237 -0.11526  
226 -> 238 -0.19592  
Excited State 93: Singlet-A 4.7090 eV 263.29 nm f=0.0214 <S**2>=0.000 
194 -> 227 0.16247  
217 -> 233 0.27129  
217 -> 234 -0.20460  
219 -> 229 0.10736  
219 -> 232 -0.12951  
219 -> 235 -0.14350  
219 -> 241 0.11881  
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224 -> 232 0.10130  
224 -> 234 0.11850  
224 -> 235 0.15403  
225 -> 233 0.23472  
Excited State 94: Singlet-A 4.7118 eV 263.14 nm f=0.0143 <S**2>=0.000 
194 -> 227 -0.14805  
217 -> 233 0.13377  
217 -> 234 -0.10153  
218 -> 229 -0.12113  
219 -> 229 0.11827  
219 -> 235 -0.13176  
219 -> 241 0.11288  
221 -> 229 0.12544  
223 -> 230 0.22803  
223 -> 232 0.14256  
223 -> 234 0.10821  
223 -> 235 0.24452  
223 -> 242 -0.12489  
224 -> 232 -0.13699  
224 -> 235 -0.20298  
225 -> 233 0.11208  
226 -> 240 -0.11756  
Excited State 95: Singlet-A 4.7174 eV 262.83 nm f=0.0021 <S**2>=0.000 
222 -> 231 -0.14749  
222 -> 232 0.13775  
222 -> 233 -0.16128  
222 -> 234 -0.17730  
222 -> 235 -0.10051  
222 -> 236 0.38535  
222 -> 237 0.17861  
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222 -> 238 0.27708  
222 -> 239 0.12033  
224 -> 233 0.12197  
225 -> 233 0.12828  
225 -> 234 0.22128  
Excited State 96: Singlet-A 4.7195 eV 262.71 nm f=0.0240 <S**2>=0.000 
194 -> 227 0.16077  
218 -> 229 0.22740  
221 -> 229 -0.20928  
223 -> 230 0.27536  
223 -> 232 0.14482  
223 -> 233 -0.13271  
223 -> 234 0.10967  
223 -> 235 0.26320  
223 -> 242 -0.12069  
225 -> 234 -0.15804  
Excited State 97: Singlet-A 4.7267 eV 262.31 nm f=0.0034 <S**2>=0.000 
217 -> 233 -0.11650  
222 -> 236 -0.12473  
224 -> 234 0.24868  
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224 -> 236  0.18870  
225 -> 233  0.22782  
225 -> 234  0.27954  
225 -> 236  0.17308  
225 -> 237  0.14409  
226 -> 238  0.14215  
Excited State 98:  Singlet-A 4.7357 eV 261.81 nm f=0.0002 <S**2>=0.000 
217 -> 233 -0.12310  
218 -> 229 -0.27892  
221 -> 229  0.11697  
223 -> 230  0.40401  
223 -> 232 -0.18137  
224 -> 232  0.13226  
224 -> 235  0.18756  
Excited State 99:  Singlet-A 4.7388 eV 261.64 nm f=0.0224 <S**2>=0.000 
194 -> 227  0.14694  
195 -> 227 -0.14646  
218 -> 229  0.11630  
221 -> 229  0.12773  
221 -> 231 -0.11087  
221 -> 232 -0.19235  
221 -> 235 -0.18374  
221 -> 241  0.10503  
223 -> 230  0.23582  
223 -> 232 -0.23056  
223 -> 235 -0.19178  
224 -> 236 -0.11055  
226 -> 240 -0.10292  
226 -> 241  0.13672  
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Excited State 100: Singlet-A 4.7412 eV 261.51 nm f=0.0149 <S**2>=0.000 
194 -> 227  0.32762  
195 -> 227 -0.13278  
218 -> 229 -0.22027  
221 -> 229  0.23312  
223 -> 230 -0.22175  
223 -> 232  0.21424  
223 -> 235  0.18165  
224 -> 235  0.11234  
224 -> 236 -0.11351  
 
 
Supporting Information Table S4. TDDFT-predicted energies, oscillator strengths, 
and expansion coefficients of the most stable atropisomer of complex 4. 
 
Excited State 1: Singlet-A 1.5169 eV 817.34 nm f=0.5027 <S**2>=0.000 
229 -> 238 -0.19406  
231 -> 239 -0.10774  
237 -> 238 0.63465  
Excited State 2: Singlet-A 1.6215 eV 764.64 nm f=0.0028 <S**2>=0.000 
232 -> 238 0.59908  
232 -> 239 0.19176  
232 -> 240 -0.16244  
232 -> 246 -0.10775  
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236 -> 238 -0.16287  
Excited State 3: Singlet-A 1.6280 eV 761.57 nm f=0.0031  <S**2>=0.000 
230 -> 238 0.60405  
230 -> 239 -0.21099  
230 -> 240 -0.15940  
235 -> 238 0.12155  
Excited State 4: Singlet-A 1.6433 eV 754.48 nm f=0.0064 <S**2>=0.000 
233 -> 238 0.60677  
233 -> 240 0.12337  
233 -> 241 0.17595  
233 -> 246 -0.10923  
235 -> 238 0.21020  
Excited State 5: Singlet-A 1.6589 eV 747.37 nm f=0.0261 <S**2>=0.000 
232 -> 238 0.16057  
234 -> 238 0.41458  
234 -> 241 -0.12878  
236 -> 238 0.45116  
236 -> 241 -0.10151  
Excited State 6: Singlet-A 1.6733 eV 740.94 nm f=0.0348 <S**2>=0.000 
230 -> 238 -0.11576  
233 -> 238 -0.18148  
234 -> 238 0.21972  
235 -> 238 0.53492  
235 -> 241 0.11051  
Excited State 7: Singlet-A 1.6754 eV 740.01 nm f=0.0793 <S**2>=0.000 
231 -> 238 0.13627  
234 -> 238 0.43046  
234 -> 241 -0.12334  
235 -> 238 -0.19394  
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236 -> 238 -0.38783  
Excited State 8: Singlet-A 1.7544 eV 706.70 nm f=0.0026 <S**2>=0.000 
229 -> 239 0.12817  
231 -> 238 0.57436  
231 -> 246 -0.11666  
235 -> 238 0.10545  
236 -> 238 0.12506  
Excited State 9: Singlet-A 2.0332 eV 609.80 nm f=0.4530 <S**2>=0.000 
229 -> 238 0.53843  
230 -> 242 -0.12554  
231 -> 239 0.13093  
232 -> 243 0.10419  
237 -> 238 0.28640  
Excited State 10: Singlet-A 2.2301 eV 555.96 nm f=0.0118 <S**2>=0.000 
228 -> 238 -0.12990  
234 -> 243 -0.17944  
234 -> 244 -0.19557  
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234 -> 245 0.39711  
236 -> 238 0.21836  
236 -> 240 -0.11985  
236 -> 241 0.20362  
236 -> 246 0.16919  
Excited State 11: Singlet-A 2.2404 eV 553.39 nm f=0.0022 <S**2>=0.000 
231 -> 245 0.10525  
233 -> 244 -0.12230  
233 -> 245 -0.11443  
234 -> 238 -0.23396  
234 -> 240 0.14285  
234 -> 241 -0.23129  
234 -> 246 -0.18673  
236 -> 243 -0.15880  
236 -> 244 -0.18254  
236 -> 245 0.36243  
237 -> 245 -0.10969  
Excited State 12: Singlet-A 2.2417 eV 553.09 nm f=0.0177 <S**2>=0.000 
223 -> 238 0.12372  
227 -> 238 0.11032  
230 -> 242 -0.14192  
233 -> 243 0.20287  
233 -> 244 0.30670  
233 -> 245 0.23473  
235 -> 238 -0.18386  
235 -> 241 0.16451  
235 -> 246 -0.12028  
236 -> 245 0.13689  
Excited State 13: Singlet-A 2.2544 eV 549.95 nm f=0.0002 <S**2>=0.000 
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233 -> 238 0.24422  
233 -> 240 -0.15652  
233 -> 241 -0.24724  
233 -> 246 0.18542  
235 -> 243 0.21206  
235 -> 244 0.32007  
235 -> 245 0.25133  
237 -> 244 0.11626  
Excited State 14: Singlet-A 2.2604 eV 548.52 nm f=0.0031 <S**2>=0.000 
223 -> 238 -0.15705  
223 -> 239 0.14558  
224 -> 239 -0.12310  
225 -> 238 0.27610  
225 -> 240 -0.12825  
225 -> 246 -0.10743  
226 -> 238 0.14291  
226 -> 239 0.10093  
230 -> 242 0.27440  
231 -> 238 -0.14132  
232 -> 243 0.27956  
232 -> 244 -0.20038  
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Excited State 15: Singlet-A 2.2813 eV 543.49 nm f=0.0376 <S**2>=0.000 
223 -> 238 -0.24679  
223 -> 239 0.14769  
223 -> 240 0.13726  
224 -> 238 0.19383  
225 -> 239 -0.15808  
226 -> 238 -0.16250  
229 -> 238 0.22072  
230 -> 242 0.28214  
232 -> 243 -0.19947  
232 -> 244 0.13454  
233 -> 244 0.10773  
Excited State 16: Singlet-A 2.2935 eV 540.59 nm f=0.0005 <S**2>=0.000 
229 -> 243 0.18648  
229 -> 244 -0.13056  
231 -> 243 0.28335  
231 -> 244 -0.20293  
232 -> 238 0.25839  
232 -> 239 -0.20278  
232 -> 240 0.17195  
232 -> 246 0.14880  
232 -> 250 -0.10343  
236 -> 243 -0.18495  
236 -> 244 0.13531  
237 -> 243 -0.19303  
237 -> 244 0.13408  
Excited State 17: Singlet-A 2.3056 eV 537.76 nm f=0.0003 <S**2>=0.000 
229 -> 242 -0.28182  
230 -> 238 0.25217  
230 -> 239 0.20586  
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230 -> 240 0.15325  
230 -> 246 0.11758  
231 -> 242 0.30971  
235 -> 242 -0.23133  
237 -> 242 0.22334  
Excited State 18: Singlet-A 2.3427 eV 529.23 nm f=0.0033 <S**2>=0.000 
223 -> 238 0.10245  
224 -> 238 0.15757  
225 -> 238 0.29332  
225 -> 241 0.15834  
225 -> 246 -0.12344  
226 -> 238 -0.10908  
226 -> 241 -0.12953  
227 -> 238 0.20827  
228 -> 238 -0.11546  
231 -> 238 0.12013  
235 -> 238 0.14319  
235 -> 240 -0.13416  
235 -> 241 -0.20810  
235 -> 246 0.15186  
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Excited State 19: Singlet-A 2.3472 eV 528.22 nm f=0.0048 <S**2>=0.000 
225 -> 238 0.13526  
225 -> 240 -0.12589  
226 -> 238 0.27907  
226 -> 246 -0.10867  
229 -> 238 0.14237  
229 -> 239 -0.10374  
231 -> 238 0.23336  
231 -> 239 -0.11062  
231 -> 240 0.14746  
231 -> 246 0.12294  
232 -> 243 -0.17662  
232 -> 244 0.12566  
236 -> 239 0.10602  
236 -> 240 -0.11740  
237 -> 239 0.15680  
237 -> 246 -0.10008  
Excited State 20: Singlet-A 2.3509 eV 527.39 nm f=0.0005 <S**2>=0.000 
224 -> 238 0.23420  
224 -> 241 -0.14969  
224 -> 246 -0.11962  
226 -> 238 0.20661  
226 -> 240 0.13023  
226 -> 241 -0.16858  
226 -> 246 -0.11795  
227 -> 238 0.19608  
227 -> 241 -0.10940  
228 -> 238 0.20108  
236 -> 238 0.15607  
236 -> 241 0.18300  
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236 -> 246 0.16989  
Excited State 21: Singlet-A 2.3619 eV 524.93 nm f=0.0025 <S**2>=0.000 
223 -> 238 0.25809  
223 -> 239 -0.13067  
229 -> 238 0.26799  
229 -> 240 0.10153  
230 -> 242 0.25803  
231 -> 238 -0.12682  
231 -> 239 -0.18045  
235 -> 238 0.11691  
235 -> 239 0.11711  
237 -> 239 -0.10918  
237 -> 240 -0.12068  
Excited State 22: Singlet-A 2.5453 eV 487.10 nm f=0.0029 <S**2>=0.000 
224 -> 245 -0.11947  
226 -> 245 -0.18321  
227 -> 245 -0.11042  
228 -> 238 0.43514  
228 -> 245 -0.13027  
234 -> 240 0.10147  
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234 -> 241 -0.17905  
234 -> 245 0.13133  
234 -> 246 -0.14105  
236 -> 245 -0.12065  
Excited State 23: Singlet-A 2.5530 eV 485.64 nm f=0.0031 <S**2>=0.000 
224 -> 245 0.17141  
225 -> 244 0.10172  
226 -> 243 -0.11445  
226 -> 244 -0.13885  
226 -> 245 0.10142  
227 -> 245 0.18336  
228 -> 238 0.35590  
228 -> 244 -0.10753  
233 -> 241 0.13244  
234 -> 240 -0.11549  
234 -> 241 0.19108  
234 -> 246 0.14839  
236 -> 245 0.13943  
Excited State 24: Singlet-A 2.5581 eV 484.67 nm f=0.0010 <S**2>=0.000 
224 -> 244 -0.12389  
225 -> 243 -0.10740  
225 -> 244 -0.15004  
225 -> 245 -0.13369  
226 -> 245 0.14519  
227 -> 243 -0.10837  
227 -> 244 -0.15600  
228 -> 238 0.27911  
228 -> 245 0.11321  
233 -> 238 0.12216  
233 -> 240 -0.14899  
172 
 
233 -> 241 -0.24487  
233 -> 246 0.18649  
235 -> 244 -0.14199  
235 -> 245 -0.11381  
Excited State 25: Singlet-A 2.5773 eV 481.06 nm f=0.0003 <S**2>=0.000 
224 -> 243 -0.15966  
224 -> 244 0.11239  
225 -> 243 0.24107  
225 -> 244 -0.17651  
226 -> 243 0.21250  
226 -> 244 -0.14882  
229 -> 243 0.11699  
231 -> 243 0.13664  
232 -> 238 -0.17931  
232 -> 239 0.26802  
232 -> 240 -0.22338  
232 -> 246 -0.18613  
232 -> 250 0.11988  
Excited State 26: Singlet-A 2.5863 eV 479.38 nm f=0.0007 <S**2>=0.000 
223 -> 242 0.38482  
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224 -> 242 -0.14382  
225 -> 242 -0.16367  
229 -> 242 0.16586  
230 -> 238 0.18091  
230 -> 239 0.28552  
230 -> 240 0.21704  
230 -> 246 0.15148  
230 -> 250 0.10424  
231 -> 242 -0.15587  
Excited State 27: Singlet-A 2.6511 eV 467.67 nm f=0.3156 <S**2>=0.000 
223 -> 238 -0.13398  
224 -> 238 -0.20806  
227 -> 238 0.60280  
234 -> 245 0.10048  
Excited State 28: Singlet-A 2.8546 eV 434.34 nm f=0.0003 <S**2>=0.000 
225 -> 238 -0.30309  
226 -> 238 0.41208  
233 -> 244 0.14419  
233 -> 245 0.11023  
234 -> 245 0.15426  
235 -> 241 -0.14763  
235 -> 246 0.10510  
236 -> 241 -0.13875  
Excited State 29: Singlet-A 2.8640 eV 432.91 nm f=0.0416 <S**2>=0.000 
223 -> 238 0.17100  
224 -> 238 0.42208  
225 -> 238 0.24703  
226 -> 238 0.15470  
233 -> 244 -0.12401  
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233 -> 245 -0.10044  
234 -> 245 0.14900  
235 -> 241 0.13186  
236 -> 241 -0.12141  
237 -> 241 0.10633  
Excited State 30: Singlet-A 2.8900 eV 429.01 nm f=0.0001 <S**2>=0.000 
223 -> 238 -0.13298  
224 -> 238 -0.25270  
225 -> 238 0.28886  
226 -> 238 0.23842  
231 -> 240 -0.14943  
232 -> 243 -0.24050  
232 -> 244 0.17136  
237 -> 239 -0.18176  
Excited State 31: Singlet-A 2.9103 eV 426.02 nm f=0.0004 <S**2>=0.000 
223 -> 238 0.42786  
224 -> 238 -0.16581  
230 -> 242 0.29452  
231 -> 239 0.18589  
235 -> 239 -0.10390  
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237 -> 240 0.14602  
Excited State 32: Singlet-A 3.2154 eV 385.59 nm f=0.0109 <S**2>=0.000 
219 -> 238 -0.15678  
220 -> 238 -0.47750  
222 -> 238 0.48372  
Excited State 33: Singlet-A 3.2268 eV 384.23 nm f=0.0125 <S**2>=0.000 
220 -> 238 0.43880  
221 -> 238 -0.26981  
222 -> 238 0.47217  
Excited State 34: Singlet-A 3.2292 eV 383.94 nm f=0.0062 <S**2>=0.000 
220 -> 238 0.22619  
221 -> 238 0.64492  
222 -> 238 0.15934  
Excited State 35: Singlet-A 3.2428 eV 382.34 nm f=0.0240 <S**2>=0.000 
219 -> 238 0.67711  
220 -> 238 -0.13781  
Excited State 36: Singlet-A 3.3479 eV 370.33 nm f=0.1213 <S**2>=0.000 
218 -> 238 0.66882  
Excited State 37: Singlet-A 3.3699 eV 367.92 nm f=0.0005 <S**2>=0.000 
224 -> 244 -0.10057  
224 -> 245 0.22365  
226 -> 243 -0.12256  
226 -> 244 -0.13675  
226 -> 245 0.24972  
227 -> 245 0.18055  
228 -> 245 0.13493  
234 -> 240 0.14338  
234 -> 241 -0.23490  
234 -> 246 -0.17009  
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236 -> 243 0.11581  
236 -> 244 0.11650  
236 -> 245 -0.23990  
237 -> 245 0.10987  
Excited State 38: Singlet-A 3.3720 eV 367.69 nm f=0.0002 <S**2>=0.000 
223 -> 244 -0.10933  
224 -> 244 -0.13617  
225 -> 243 -0.13225  
225 -> 244 -0.19880  
225 -> 245 -0.16121  
226 -> 244 0.13826  
226 -> 245 0.13045  
227 -> 244 -0.14213  
233 -> 240 0.15877  
233 -> 241 0.24367  
233 -> 246 -0.16598  
235 -> 243 0.13506  
235 -> 244 0.20535  
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235 -> 245 0.16101  
237 -> 244 0.10929  
Excited State 39: Singlet-A 3.3871 eV 366.05 nm f=0.0008 <S**2>=0.000 
211 -> 238 0.11819  
224 -> 243 -0.17287  
224 -> 244 0.11825  
225 -> 243 0.25767  
225 -> 244 -0.18670  
226 -> 243 0.22294  
226 -> 244 -0.15783  
231 -> 243 -0.14575  
231 -> 244 0.10354  
232 -> 239 -0.22598  
232 -> 240 0.18680  
232 -> 246 0.13472  
236 -> 243 0.12038  
237 -> 243 0.18553  
237 -> 244 -0.13297  
Excited State 40: Singlet-A 3.3921 eV 365.51 nm f=0.0007 <S**2>=0.000 
210 -> 238 -0.12708  
223 -> 242 0.40798  
224 -> 242 -0.14398  
225 -> 242 -0.17374  
230 -> 239 -0.23662  
230 -> 240 -0.18077  
230 -> 246 -0.10982  
231 -> 242 0.17806  
235 -> 242 -0.14667  
237 -> 242 0.22453  
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Excited State 41: Singlet-A 3.4146 eV 363.10 nm f=0.0003 <S**2>=0.000 
216 -> 238 -0.10247  
224 -> 240 0.10282  
224 -> 241 -0.17688  
224 -> 246 -0.13321  
226 -> 238 -0.11278  
226 -> 240 0.13249  
226 -> 241 -0.20278  
226 -> 246 -0.16992  
227 -> 240 0.10133  
227 -> 241 -0.17717  
227 -> 246 -0.12722  
228 -> 241 -0.14999  
228 -> 246 -0.12185  
234 -> 243 -0.11376  
234 -> 244 -0.11581  
234 -> 245 0.23622  
236 -> 240 0.10566  
236 -> 241 -0.17361  
236 -> 246 -0.12177  
Excited State 42: Singlet-A 3.4228 eV 362.23 nm f=0.0003 <S**2>=0.000 
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215 -> 238 -0.13129  
216 -> 238 0.12702  
223 -> 241 0.10112  
224 -> 241 0.11532  
224 -> 246 -0.10186  
225 -> 240 0.12511  
225 -> 241 0.19783  
225 -> 246 -0.14434  
226 -> 241 -0.15355  
226 -> 246 0.10564  
227 -> 240 0.10822  
227 -> 241 0.16039  
227 -> 246 -0.12992  
228 -> 241 -0.12176  
233 -> 243 -0.13109  
233 -> 244 -0.19879  
233 -> 245 -0.15538  
235 -> 240 0.11937  
235 -> 241 0.18245  
235 -> 246 -0.12247  
Excited State 43: Singlet-A 3.4373 eV 360.70 nm f=0.0052 <S**2>=0.000 
217 -> 238 0.26695  
223 -> 240 0.11039  
224 -> 238 -0.10788  
224 -> 240 -0.13174  
224 -> 246 -0.10458  
225 -> 239 -0.23139  
225 -> 240 0.10891  
225 -> 250 -0.10017  
226 -> 238 0.10937  
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226 -> 239 -0.15311  
226 -> 240 0.13249  
226 -> 246 0.10932  
229 -> 240 0.12219  
230 -> 242 -0.11112  
231 -> 239 -0.16498  
232 -> 243 0.18616  
232 -> 244 -0.13506  
Excited State 44: Singlet-A 3.4543 eV 358.92 nm f=0.0098 <S**2>=0.000 
217 -> 238 0.10129  
218 -> 238 0.10539  
223 -> 238 0.15483  
223 -> 239 0.26841  
223 -> 240 0.18309  
223 -> 246 0.12601  
223 -> 250 0.10057  
224 -> 239 -0.16244  
225 -> 238 -0.14115  
225 -> 240 -0.16747  
225 -> 246 -0.13379  
229 -> 239 0.17166  
230 -> 242 -0.23312  
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231 -> 240 -0.13404  
232 -> 243 -0.10899  
Excited State 45: Singlet-A 3.5230 eV 351.92 nm f=0.0202 <S**2>=0.000 
216 -> 238 -0.19945  
217 -> 238 0.60750  
Excited State 46: Singlet-A 3.6086 eV 343.58 nm f=0.0085 <S**2>=0.000 
215 -> 238 -0.31138  
216 -> 238 0.57110  
217 -> 238 0.18600  
Excited State 47: Singlet-A 3.6258 eV 341.95 nm f=0.0040 <S**2>=0.000 
215 -> 238 0.59405  
216 -> 238 0.30801  
Excited State 48: Singlet-A 3.7049 eV 334.65 nm f=0.0005 <S**2>=0.000 
208 -> 238 0.33039  
209 -> 238 -0.12133  
213 -> 238 0.36053  
214 -> 238 0.45192  
Excited State 49: Singlet-A 3.7612 eV 329.64 nm f=0.0018 <S**2>=0.000 
212 -> 238 -0.10629  
213 -> 238 0.51065  
214 -> 238 -0.44923  
Excited State 50: Singlet-A 3.7830 eV 327.74 nm f=0.0122 <S**2>=0.000 
211 -> 238 0.55512  
212 -> 238 -0.38379  
213 -> 238 -0.11234  
Excited State 51: Singlet-A 3.7948 eV 326.72 nm f=0.0220 <S**2>=0.000 
208 -> 238 0.12959  
210 -> 238 0.56079  
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211 -> 238 0.16915  
212 -> 238 0.27999  
213 -> 238 -0.10956  
214 -> 238 -0.13009  
Excited State 52: Singlet-A 3.8207 eV 324.51 nm f=0.0307 <S**2>=0.000 
208 -> 238 -0.35766  
209 -> 238 0.19414  
210 -> 238 0.36671  
211 -> 238 -0.10084  
212 -> 238 -0.28535  
213 -> 238 0.16941  
214 -> 238 0.21680  
Excited State 53: Singlet-A 3.8230 eV 324.31 nm f=0.0480 <S**2>=0.000 
208 -> 238 -0.35192  
209 -> 238 0.17941  
210 -> 238 -0.14874  
211 -> 238 0.34653  
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212 -> 238 0.37485  
213 -> 238 0.17637  
Excited State 54: Singlet-A 3.9749 eV 311.92 nm f=0.0210 <S**2>=0.000 
208 -> 238 0.29860  
209 -> 238 0.58750  
237 -> 240 0.18512  
Excited State 55: Singlet-A 4.0359 eV 307.21 nm f=0.1093 <S**2>=0.000 
209 -> 238 -0.14867  
229 -> 239 0.11101  
229 -> 240 0.15025  
231 -> 239 -0.12974  
235 -> 239 0.10629  
237 -> 239 0.30244  
237 -> 240 0.51886  
Excited State 56: Singlet-A 4.0405 eV 306.86 nm f=0.3429 <S**2>=0.000 
209 -> 238 0.11760  
229 -> 239 0.16210  
231 -> 240 -0.14996  
237 -> 239 0.48485  
237 -> 240 -0.29738  
237 -> 241 0.19286  
Excited State 57: Singlet-A 4.1468 eV 298.98 nm f=0.0205 <S**2>=0.000 
235 -> 240 -0.10691  
237 -> 239 -0.18629  
237 -> 241 0.61669  
Excited State 58: Singlet-A 4.2045 eV 294.88 nm f=0.0015 <S**2>=0.000 
223 -> 242 -0.12027  
229 -> 242 0.26027  
231 -> 242 -0.17276  
184 
 
237 -> 242 0.59323  
Excited State 59: Singlet-A 4.2213 eV 293.71 nm f=0.0029 <S**2>=0.000 
229 -> 243 0.20372  
229 -> 244 -0.12314  
231 -> 243 0.17874  
231 -> 244 -0.12543  
237 -> 243 0.52510  
237 -> 244 -0.25997  
Excited State 60: Singlet-A 4.2398 eV 292.43 nm f=0.0019 <S**2>=0.000 
229 -> 244 0.12527  
237 -> 243 0.29935  
237 -> 244 0.56283  
Excited State 61: Singlet-A 4.2585 eV 291.15 nm f=0.0002 <S**2>=0.000 
229 -> 245 0.12105  
237 -> 245 0.64494  
Excited State 62: Singlet-A 4.2837 eV 289.43 nm f=0.0054 <S**2>=0.000 
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231 -> 239 -0.15740  
237 -> 246 0.62270  
Excited State 63: Singlet-A 4.3934 eV 282.20 nm f=0.0302 <S**2>=0.000 
231 -> 239 0.21690  
231 -> 240 -0.12894  
236 -> 239 0.54950  
236 -> 240 -0.23448  
236 -> 241 -0.14461  
Excited State 64: Singlet-A 4.4047 eV 281.48 nm f=0.0248 <S**2>=0.000 
207 -> 238 -0.11414  
229 -> 239 -0.15684  
231 -> 239 0.15308  
231 -> 240 0.15504  
235 -> 239 0.53483  
235 -> 240 0.22728  
235 -> 241 -0.11619  
Excited State 65: Singlet-A 4.4483 eV 278.72 nm f=0.0043 <S**2>=0.000 
206 -> 238 0.19153  
207 -> 238 0.57605  
233 -> 239 0.21891  
233 -> 240 0.11051  
237 -> 250 -0.11949  
Excited State 66: Singlet-A 4.4585 eV 278.08 nm f=0.0001 <S**2>=0.000 
233 -> 239 0.27779  
233 -> 240 0.15764  
234 -> 239 0.52409  
234 -> 240 -0.27039  
234 -> 241 -0.14774  
Excited State 67: Singlet-A 4.4618 eV 277.88 nm f=0.0008 <S**2>=0.000 
186 
 
207 -> 238 -0.21919  
231 -> 240 -0.10170  
233 -> 239 0.45815  
233 -> 240 0.26111  
234 -> 239 -0.26166  
234 -> 240 0.14556  
Excited State 68: Singlet-A 4.4704 eV 277.34 nm f=0.0010 <S**2>=0.000 
237 -> 247 0.68111  
Excited State 69: Singlet-A 4.4881 eV 276.25 nm f=0.0030 <S**2>=0.000 
232 -> 239 -0.11120  
232 -> 250 0.10202  
236 -> 239 0.32509  
236 -> 240 0.48815  
236 -> 241 0.22852  
Excited State 70: Singlet-A 4.5019 eV 275.40 nm f=0.0017 <S**2>=0.000 
232 -> 239 0.32379  
232 -> 246 0.25169  
187 
 
232 -> 250 -0.32184  
232 -> 252 0.22871  
232 -> 253 -0.11175  
236 -> 239 0.10625  
236 -> 240 0.17861  
236 -> 241 0.12418  
Excited State 71: Singlet-A 4.5127 eV 274.74 nm f=0.0158 <S**2>=0.000 
235 -> 239 -0.31739  
235 -> 240 0.48062  
235 -> 241 -0.25438  
Excited State 72: Singlet-A 4.5314 eV 273.61 nm f=0.0145 <S**2>=0.000 
206 -> 238 0.24895  
207 -> 238 -0.11662  
230 -> 239 -0.21416  
230 -> 246 0.17226  
230 -> 250 0.21129  
230 -> 251 0.19514  
230 -> 252 0.15933  
235 -> 240 -0.18235  
235 -> 241 0.15126  
235 -> 246 0.10775  
237 -> 250 -0.16450  
237 -> 251 -0.15386  
237 -> 252 -0.10724  
Excited State 73: Singlet-A 4.5413 eV 273.02 nm f=0.0226 <S**2>=0.000 
206 -> 238 0.34544  
229 -> 239 0.13651  
231 -> 239 0.12924  
231 -> 250 -0.10953  
188 
 
232 -> 239 -0.20843  
232 -> 240 -0.10869  
232 -> 250 0.10022  
236 -> 241 0.18318  
236 -> 246 -0.20740  
237 -> 250 0.19427  
237 -> 252 -0.17476  
Excited State 74: Singlet-A 4.5506 eV 272.46 nm f=0.0498 <S**2>=0.000 
206 -> 238 0.28662  
207 -> 238 -0.16210  
229 -> 239 -0.13080  
230 -> 239 0.27364  
230 -> 246 -0.16217  
230 -> 250 -0.19907  
230 -> 251 -0.16944  
230 -> 252 -0.12861  
232 -> 239 0.12006  
236 -> 246 0.12172  
237 -> 250 -0.22162  
Excited State 75: Singlet-A 4.5676 eV 271.44 nm f=0.0010 <S**2>=0.000 
189 
 
234 -> 239 0.35632  
234 -> 240 0.51119  
234 -> 241 0.28106  
Excited State 76: Singlet-A 4.5704 eV 271.28 nm f=0.0112 <S**2>=0.000 
232 -> 239 0.30070  
232 -> 240 0.49884  
232 -> 241 -0.18440  
232 -> 250 0.11202  
232 -> 252 -0.10040  
236 -> 241 0.15071  
236 -> 246 -0.10327  
Excited State 77: Singlet-A 4.5778 eV 270.84 nm f=0.0043 <S**2>=0.000 
206 -> 238 0.13888  
233 -> 239 -0.33080  
233 -> 240 0.47607  
233 -> 241 -0.25097  
Excited State 78: Singlet-A 4.5812 eV 270.64 nm f=0.0126 <S**2>=0.000 
206 -> 238 0.31942  
207 -> 238 -0.10147  
230 -> 239 -0.20846  
230 -> 240 0.22573  
230 -> 241 0.11328  
233 -> 239 0.12057  
233 -> 240 -0.17880  
235 -> 241 -0.14563  
235 -> 246 -0.19266  
236 -> 241 -0.10876  
236 -> 246 0.14875  
237 -> 251 0.13619  
190 
 
237 -> 252 0.11831  
Excited State 79: Singlet-A 4.5974 eV 269.69 nm f=0.0097 <S**2>=0.000 
229 -> 239 -0.12877  
230 -> 239 -0.23558  
230 -> 240 0.48377  
230 -> 241 0.19330  
230 -> 246 -0.11119  
230 -> 251 -0.10863  
235 -> 241 0.16685  
235 -> 246 0.12671  
Excited State 80: Singlet-A 4.6145 eV 268.68 nm f=0.0063 <S**2>=0.000 
229 -> 240 -0.14532  
231 -> 241 0.14498  
231 -> 246 0.10429  
232 -> 240 0.10601  
234 -> 241 -0.24078  
234 -> 246 0.30828  
234 -> 251 -0.10824  
234 -> 253 0.17530  
235 -> 246 0.11389  
191 
 
236 -> 241 -0.19638  
236 -> 246 0.16335  
237 -> 250 0.12260  
Excited State 81: Singlet-A 4.6225 eV 268.22 nm f=0.0161 <S**2>=0.000 
229 -> 239 0.12823  
229 -> 240 0.32946  
231 -> 239 0.23554  
231 -> 240 0.17270  
231 -> 241 -0.30791  
234 -> 241 -0.15619  
234 -> 246 0.16050  
235 -> 241 0.18934  
Excited State 82: Singlet-A 4.6357 eV 267.45 nm f=0.0068 <S**2>=0.000 
231 -> 240 0.10009  
231 -> 246 -0.14100  
233 -> 241 -0.12170  
233 -> 246 -0.12361  
234 -> 241 -0.19907  
234 -> 246 0.24606  
234 -> 253 0.13394  
235 -> 241 -0.18975  
235 -> 242 -0.12380  
235 -> 246 -0.21814  
236 -> 241 0.11960  
236 -> 246 -0.16731  
237 -> 250 -0.13060  
Excited State 83: Singlet-A 4.6374 eV 267.36 nm f=0.0342 <S**2>=0.000 
229 -> 239 0.34220  
229 -> 240 -0.16695  
192 
 
229 -> 241 -0.11715  
231 -> 240 0.38048  
231 -> 241 0.19189  
233 -> 241 0.16962  
233 -> 246 0.16021  
Excited State 84: Singlet-A 4.6420 eV 267.09 nm f=0.0135 <S**2>=0.000 
229 -> 239 -0.13908  
231 -> 240 -0.16079  
233 -> 241 0.32952  
233 -> 246 0.36630  
233 -> 252 -0.15148  
233 -> 253 -0.18557  
234 -> 246 0.13168  
236 -> 246 -0.12409  
Excited State 85: Singlet-A 4.6663 eV 265.70 nm f=0.0010 <S**2>=0.000 
231 -> 247 -0.10640  
235 -> 242 0.21181  
236 -> 243 0.32857  
236 -> 244 0.12226  
236 -> 245 0.20775  
193 
 
236 -> 247 -0.11418  
237 -> 248 0.41571  
Excited State 86: Singlet-A 4.6717 eV 265.39 nm f=0.0013 <S**2>=0.000 
229 -> 242 0.11186  
235 -> 242 -0.28535  
235 -> 247 0.10327  
236 -> 243 0.22353  
236 -> 244 0.30468  
236 -> 245 0.23262  
236 -> 246 0.11293  
236 -> 247 -0.12546  
237 -> 248 -0.23368  
237 -> 249 -0.22423  
Excited State 87: Singlet-A 4.6808 eV 264.88 nm f=0.0003 <S**2>=0.000 
229 -> 242 -0.14468  
231 -> 242 0.14407  
235 -> 242 0.45737  
235 -> 246 -0.14137  
236 -> 243 0.10644  
237 -> 248 -0.36594  
237 -> 249 -0.10453  
Excited State 88: Singlet-A 4.6839 eV 264.70 nm f=0.0002 <S**2>=0.000 
231 -> 244 0.11175  
235 -> 242 0.10763  
235 -> 247 -0.13600  
236 -> 242 0.10033  
236 -> 243 -0.14072  
236 -> 244 0.45107  
236 -> 245 0.16190  
194 
 
236 -> 247 0.14062  
237 -> 249 0.27618  
Excited State 89: Singlet-A 4.7007 eV 263.76 nm f=0.0003 <S**2>=0.000 
232 -> 241 0.12875  
235 -> 243 -0.21390  
235 -> 244 -0.18117  
235 -> 245 0.40575  
235 -> 247 -0.15697  
236 -> 243 0.23057  
236 -> 244 -0.16922  
237 -> 248 -0.11748  
237 -> 249 0.19527  
Excited State 90: Singlet-A 4.7039 eV 263.58 nm f=0.0010 <S**2>=0.000 
231 -> 241 0.10896  
232 -> 240 0.18077  
232 -> 241 0.63279  
Excited State 91: Singlet-A 4.7058 eV 263.47 nm f=0.0018 <S**2>=0.000 
235 -> 243 0.14343  
235 -> 244 0.16597  
195 
 
235 -> 245 -0.33648  
236 -> 243 0.25931  
236 -> 245 0.10207  
236 -> 247 0.17373  
237 -> 248 -0.13525  
237 -> 249 0.34941  
Excited State 92: Singlet-A 4.7148 eV 262.97 nm f=0.0014 <S**2>=0.000 
229 -> 240 0.37312  
231 -> 239 0.20165  
231 -> 241 0.45873  
232 -> 241 -0.14670  
237 -> 252 0.10042  
Excited State 93: Singlet-A 4.7259 eV 262.35 nm f=0.0021 <S**2>=0.000 
230 -> 240 -0.20832  
230 -> 241 0.64169  
Excited State 94: Singlet-A 4.7294 eV 262.16 nm f=0.0001 <S**2>=0.000 
234 -> 243 0.36183  
234 -> 244 0.43391  
234 -> 245 0.37464  
234 -> 247 -0.10885  
Excited State 95: Singlet-A 4.7429 eV 261.41 nm f=0.0004 <S**2>=0.000 
233 -> 245 0.11445  
235 -> 247 0.10859  
236 -> 242 0.62030  
Excited State 96: Singlet-A 4.7477 eV 261.15 nm f=0.0030 <S**2>=0.000 
233 -> 243 -0.18449  
233 -> 244 -0.18998  
233 -> 245 0.40080  
235 -> 246 0.12919  
196 
 
235 -> 247 0.17652  
236 -> 242 -0.23908  
236 -> 247 0.15720  
237 -> 251 0.15485  
Excited State 97: Singlet-A 4.7533 eV 260.84 nm f=0.0019 <S**2>=0.000 
233 -> 242 0.27213  
233 -> 243 -0.13842  
233 -> 244 -0.18585  
233 -> 245 0.32396  
235 -> 245 -0.13117  
235 -> 246 -0.11656  
235 -> 247 -0.23531  
235 -> 248 0.11224  
236 -> 247 -0.15607  
237 -> 251 -0.16123  
Excited State 98: Singlet-A 4.7623 eV 260.35 nm f=0.0442 <S**2>=0.000 
229 -> 239 -0.10392  
229 -> 241 -0.24884  
197 
 
231 -> 246 -0.11386  
233 -> 242  0.47889  
233 -> 245 -0.12485  
236 -> 247  0.10602  
237 -> 250  0.10142  
Excited State 99:  Singlet-A 4.7637 eV 260.27 nm f=0.0529 <S**2>=0.000 
228 -> 241  0.10030  
229 -> 239  0.13477  
229 -> 241  0.35908  
231 -> 246  0.17057  
233 -> 242  0.26254  
235 -> 247  0.18407  
236 -> 247  0.18928  
237 -> 250 -0.19255  
Excited State 100: Singlet-A 4.7697 eV 259.94 nm f=0.0230 <S**2>=0.000 
229 -> 244  0.13126  
229 -> 246 -0.10760  
231 -> 245 -0.12133  
233 -> 242  0.29893  
233 -> 245 -0.12252  
233 -> 246 -0.10861  
235 -> 246  0.18261  
235 -> 247 -0.10466  
236 -> 246 -0.10718  
236 -> 247 -0.21324  
237 -> 252  0.16008  
 
 
